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OPTICAL AMPURER PROVIDED WITH (X)NTROL FUNCTION OF PUMPING 
UGHT. AND OPTICAL TRANSMISSION SYSTEM USING THE SAME 

BACKGROUND OF THE INVENTION 

Field Of the Inviention 

The present invention relates to an optical amplifier which supplies a pumping 
light to an optica] amplification medium to amplify a signal light, and an optical 
transmission system using the same, and in particular, to a technology for oontiolling a 
supply coixlition of pumping light in ttie optical amplifier. 

RelaledArt 

Reoently, there has been intiDduoed a vvavelerigth division muldpleodng (WDM) 
technology for achieving a large capacity and a high speed in a tunk optical 
transmis^ system. Further, as a ojie technique ofWDMtransrnissiontechnoios^, an 
optical amplification technique, sudi as a lare-eaith element doped fiber <^)lical amplifier, 
a RaiTian anripHfier and the lii«e. has been in piactical uee. 

RG. 38 is a ttock diagram of an optical transmission system using typica] optical 
amplifiefs. In this ^stem, a plurality of repeater stations are disposed between a 
transmission station (Tx) 1101 and a reception station (Rx) 1102. and a WDM light Is 
transmitled via these repeater stetions. In each repeater station, Raman amplificalion is 
performed. Further, each repeater station is provided with a discrete optical ampTrlier, 
such as, an erbluivvdoped fiber optical ampler (EDFA). 

A transmission path liber 1001 is an optical transmission medium propagating 
the WDM light therethrough, and also functions as an opUcai amplification medium by 
being supplied with a pumping light A pumping light source (LD) 1002, which Is formed 
by multiplexing by a muitiplexer or the Nice, for example, emission light from a laser diode 
or a plurality of laser diode, generates a pumping light for amplifying the WDM light. 
Here, tiie pumping light generated in the pumping light source 1002 contains a piuralify 
of lights having wavelengths different from each other. A WDM coupler 1003 Introduces 
the pumping light generated in the pumping light source 1002 to the transmission path 
fiber 1001. 
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In the above optical transmisston system, the WDM light sent out from the 
tansmisston station 1101 Is transmitted up to the reoepHon station 1102 while being 
amplified by each transmission path fiber 1001 . At this time, in each repeater station, 
the output power of ttie entire WDM l^ht Is managed, and also the balance (tf the qatical 
powers of a pluiality of signal lights contained in the WDM light is managed. Namely, 
the pumping light source 1002 is controlled so that, for example, the output power of the 
entire WDM light is maintained at a prsviously set predetermined value and the optical 
powers of the plurality of signal fights contained in the WDM light are equalized. In each 
repeater station (nsfer to Japanese Unexamined Patent Publication No. 2002-72262 
(RQ. 3, 3 to S pages), Japanese Unexamined Patent Publication No. 2000-98433 (RG. 
1. paragraphs 0070 to 0072), and Japanese Unexamined Patent Publication No. 2002- 
76482 (RG. 10. paragraphs 0162 to 0177)). Further, other than the output constant 
control or the control of wavelength dependence of gain as descrttied at»ve. a 
shutdown control at a signal light 'mtenuption is also perfbmfied by monHoring the output 
power of the WDM light Note, the shutdown control Is generally provided In the optical 
amplifier, as a function fbr, when a pumping light of high power is leaked to outside by 
the system crash, the optical fiber cutting and the like due to a surge, avoldhg the 
radiation of the pumping light to a human body. 

However, in the existing optical transmission system as described above. therB 
is a prc^tem in tfiat it b difficult to accurately monitor the balance (optical power tilt) of the 
output powers of the plurality of signal lights contained in the WDM light For example, 
In the at)ove mentioned Japanese Unexamined Patent Publication No. 2002-72262, a 
signal light band is divided into a plurality of blod<s, and a control of optical power tilt is 
performed utilizing the optical power detected for each block. However, In this case, 
when the signal lights are not ananged equally in each block, since the optical pow^ 
cannot be detected accurately, it Is impossible to equalize the WDM light Note, such a 
problem Is rxit generated only In the system d^cribed ni the above descrftjed Japanese 
Unexamined Patent PUUteation No. 2002-72262. but also generated in the case where 
the signal lights are ananged unevenly on a specific wavelength ragton in ifia signal light 
band, even if the optteal powers of the plurality of signal fight contained In the WDM light 
are detected IndMdually. 

Further, In the case where the output power of the entire WDM light is detected 
using a photodiode or tfie Gke. the pfiotodiode receives tights over a wkJe band. 
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TherefbiB, when the number of signal lights contained In the WDM light is small, a noise 
fight caused by ASE (ampfified spontaneous emission) or the like beoc»iiies dominant, 
Ohat is, a raik> of noise light power to the total opticaj power becomes relatively high). 
Therefore, there is also a pnobiem in that the optical po\Mer of a main signal light (that is, 
the WDM light whk^ is to transmit signals) cannot be detected accurately. 

Here, there wH be described in detail a monitorfrig value of signal light utilized for 
the control of pumping light as described above. 

Generally, In the optical transmtesion system using the Raman amplifier as 
shown in FIG. 38 described above, for example, as shown in RG. 39, since the noise 
light due to Raman amplification is generated within the signal light amplification band in 
the transmission path fiber being the optical amplication medium, a monitor of output 
signal Tight receives amuKaneously tfie signal light containing noise components 
accumulated in the repeating intervals until the former stage, and the noise light due to 
Raman amplification. The above noise light due to F^aman ampDficafon is a noise ^ht, 
which is also generated in the case where only the puinping light is input to the optfca^ 
amplification medium in a state where the agnal light is not inpdt to the optical 
amplification medium. In this specification, the noise light generated in the Raman 
amplifier is called an amplified spontaneous Raman scattering (ASS) light, to an ASE 
nght geneiBlied In the rare^anh element doped fiber amplifier, such as EDFA or the like. 

As a conventional technk^ue for monitoring the signal light output power of the 
Baman amplifier, for example, as shown in RG. 40, there has been known a method of 
cakxilating the ASS optx»l power generated In the Raman amplifier based on the power 
of pumping light supplied to the optk^l amplification medium, to perfomi a correction by 
subtracting the ASS optical power fiom a monitoring value of an actually received output 
light (refisr to the pamphlet of Iniematkxial Pubfication Ih. 0^204). Rjrther, as 
rneans fbr separating the signal light power from the ASS optical power, the^ 
known a method using a simpliiied oplk»l spectmm analyzer. However, the simpGned 
optk^ spectrum analyzer has adisadvantage in ifiat the monitoring accuracy becomes 
tower and also an expensive monitor system is needed. 

The fbltowing problem exists in the above conventtonal technkjues. Rjr example, 
In the optteal amplifier in whfch ttie optteal ampOffcation medium is managed, such as, 
the rare-earth element doped fiber amplifier or the concentrated Raman amplifier, it is 
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possible to accurately calculate the noise light power by the known method as described 
above. Howe\«r, In the case of a distributed Raman amplifier In vvhk:h the transnr^^ 
path fiber is the optical amplificatbn medium, since a fiber parameter df the transmission 
path fiber is unloiown in many cases, there is considered that a predicted fiber 
parameter value \s significantly different from an actual value, or an unexpected loss 
exists, resulting In a possibiDty of large error in the caicuiatlon ^^e of ASS l^ht 

Specifically, in the case wfiere ttie ASS optical power is estimated to be larger 
than the actual value, in the shutdown control described above, since the supply of the 
pumping light is stopped although the transmission of signal light is able to be perfbrmed, 
the transmission of s^nal light Is suspended. Further, in the output constant control 
described above, since tfie signal light is output at the power level higher than the 
required power, tfie signal waveform deterioration or the like due to an Increase of non- 
linear effiact is resulted, arxl thus there is a possibility that tfie system performance is 
lowered. On the other hand, in the case where the ASS light power is estimated lower 
tfian the actual value. In tfie shutdown control, tfie pumping light is output although tfie 
signal light is in tfie interrupted state, and in a situation of signal interruption caused by 
the fiber cutting or the like, there may be a possftrilHy that the pumping Hght of high 
power is radiated to outsids, to harmfully affect the human body. In the output constant 
contTDl, since the signal light Is output at the power level lower than the required power, 
the OSNR deterioration is resulted. 

Moreover, consideration is made on the case where the wavelength 
dependence of gain is controlled as described above, for example In the system 
proposed in Japanese Unexamined Patent F»ublicalion No. 2002-72262. a relation 
between tfie pumping tight power and tfie signal light output power is expressed by a 
determinant, and usir^ an inverse matrix of tfie determinant, tfie setting of pumpir^ light 
power is performed so that the required signal light output power can be obtained in 
each wavelength. However, as in tfie case of tfie calculation of ASS light described 
above, since the fiber parameter of tfie optical fiber being tfie optical amplilication 
medium is unknown In many cases, ttiere is a possBsility of large error in the setting 
value of ttie pumping light power. In addition, in tfie case where tfie determinant used 
for tfie control does not correspond to an actually laid fiber, it takes a time until tfie 
control converges, or tfie control becomes divergent, resulting in a problem in tfiattfie 
pumping light power is not nxsd. 
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The optical transmission system using the conventional optical amplifier has the 
following problem, other than the above described probleme related to the monitoring of 
the output power of signal light. Namely, as shown in the description of the shutdown 
control, since a high power light Is output liom the optical amplifier, such as the rare- 
earth element doped fiber amplffier or the Raman amplifier, there is a possitiili^ that the 
high power light is emitted to the outside air to injure a human body, due to tor example 
the detachment of an optteal connector positioned on an output end of the c^cal 
amplifier* the cutting of the optical path connected to an optical output end, or the like. 

As a conventional technique for preventing the occurrence of such a srtu^n, 
there has been known a technique for adding, to the optical amplifier, for example, a 
functton cf measuring a rsflectod retum light from an output ddd opticai oonriector the 
optical amplifier and an optical path connected therewith, and liased on the 
measurement result, detecting whether or not an output light from the optical amplifier is 
emitted to the outskte air (refer to Japanese Unscamined Patent Publication No. 9- 
64446). 

An optical oorviector of a typical phyacal contact (PC) oormection system is 
deteriorated in the connection perfbrmancethereof due to impurities ^example, dust, 
o9 film or the like) attached on a ferrule end surface, or scars on the fonule end surface. 
It has been reporied that, if a high power is transmitted through the cpdcai 
connector which is deteriorated in its conrradton peribrmance. there occurs the 
breakage of optical fiber, called a fiber fuse (FF) phenomenon, due to energy 
convergence by multiple refiection (refer to D. P. Hand et al., "Solitary thermal shock 
waves and optical damage in optical fibers: the fiber fuse". Optics LetteRS. Vol. 13, No. 9, 
pp. 767 to 769, Sep. 1988. or R. Kashyap et al., 'HDbsen/ation of Catastrophic Self- 
propelled Self-focusing in Optical Fibers", Electronics Letters, Vol. 24, No. 1 , pp 47 to 49, 
Januaiyl98Q) 

The above FF phenomenon wfll be described briefly. For example, as shown in 
FIG. 41 , fti the case wher« impurities or scais are pieserrt on an end euriiaoe of a forrule 

2001 of an optteai connector 2000, a light being propagated through an optical fiber 

2002 is diflusively reflected due to the impurities or scars. At this tirro. If the power of the 
liglit difllisively reflected is high, the temperature rise of epoxy resin adhesive 2003 
adhering the fenule 2001 and the optical fiber 2002 becomes higher due to light 
absorptton, leading to an unstable adhesnncondittoa Asaresult,thePCconnecttonof 



6 



the optica! oonnecior 2000 beoomes unstable, which is one factor causing ttie FF 
phenomenon. Accordingly, for the optical connector through which the high power Rght 
passes, a particularly careful management of connecting loss becomes necessary. 

However, in the conventionai optical amplifier disclosed in Japanese 
Un^camined Patent Publication 9^64446, sUnce the reflected return light of the output 
signal light that is, a Fiesnel reflected light generated on tfie connector end surface 
when the optical connector on the ou^ side Is detached, is measured, to detect 
wfiether or not the optical connector is detached, there is a problem in that it is 
impossible to reliably detect up to the optical fiber breaicage due to the FF pherxxnenon 
wliich occurs in tiie optical oonr>ector in the insufficient connection state as described 
above. 

Specifically, sometimes the onpurities attached on the end surfece of the opttoal 
connector become absort)ers of ttie light pas^ng through the optical connector. 
Thersfore, there is a possibility that the temperature of optical connector 
light absorption, resulting in the bieal<age of optical fiber. Since the reftected light Is not 
generated ftam such absoitoeis attached on the end surface of the optical connector, in 
the conventional system utilizing tfie reflected return ligfit, it is not pos8it)le to detect the 
breakage of optical fber as described in the above. In the optical connector for when 
the brealoge of optical fiber occurs, since a connecting loss is increased, a desired 
transmissbn characteristic cannot be obtained. Furttier, if tiie breal^ge of optical fitier 
further progresses so that the high power l^ht is emiHed to the outside air, tiiere is a 
possibili^ of injury to a human body. 

Further, tiie above conventional optical amplifier is constituted to detect the 
d^achment of the output side optical connector, tiie optical path cutting or the Bke, 
based on the measurement result of reRected reium light on the output side. 
Consequently, there is a problem in ttiat it is diflicult to cope with the Raman amplifier, in 
vvhich tiie pumping figtno^ high power is given from tiie iriput^de. Namefy,for^<anr^le, 
in a Raman amplifier 2010 of a configuration shown in FIG. 42. in order to obtain the 
desired output power, a pumping light l4> having high power of several hundreds mW to 
several W output from a j^jmping light source 2011 to a transmission path fiber 2013 
via a WDM coupler 2012. Therefore, it t)ecome$ important to supen^se a oorviection 
state of an input side optical connector 2014. Then, the deterioration of connection state 
is found, it is necessary to stop or reduce tiie supply of the pumping light 
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HoM/0var, in the above described conventional optical amplifier, the oonf^radon 
thereof does ncA cope with the detadiment of input side optical connector, and ILirther, 
as weii as the case of the above described output ade optical connector, it is difficult to 
detect up to the breakage of optical fiber due to the FF phenomenon occurring in the 
input side optical connector. 

' SUMMARY OFTHEII^VENTION 

The present invention alms at providing an optical amplifier capable of solving 
the respective problems in oonventior^al techniques as descritied above, and a system 
using the same. Specifically, one object of the present invention is to acoirately 
manage the optical power balance of a WDM light and the optical power of the entire 
WDM light in a^stem using a Raman amplifier. Another object of the present invention 
is to calculale with high accuracy the power of an amplified spontaneous Raman 
scanernig Kgh^ to correct a monitoring value of an output signal light, and to reliably 
control a supply condition of a pumping iighL A IUrtherot>iect of the present invention is 
to accurately delect the deterioration of a connection stale at a oormecting point on an 
optkal path, to reliably coritrol the power of a light passirig through tte 
In an optkxd amplifier provided with a connecting k^ss detecting fUnctk)n. 

In order to achieve the above otDtjects, according to the present inventton, tfiere is 
provKled an optksd amplifier for supplying a pumping light to an optical ampliflcation 
medium to amplify a signal light, wherein a light different from the ^nal Fght is given on 
an optteal path including the optk»l amplificatton medium, and based on a state of the 
light or a state of another light generated on the optical path by the light, a supply 
condition of the pumping light to the optical amplification medium is controlled. 

An optksal tansnussion system as one aspect of the present inventton is for 
transmitting a WDM light from a transmisskm statbn to a reception statkm. utilizing the 
above optical amplifier. In this system, tiie optteal amplifier is a Raman amplifier 
comprising: an optical amplificatkm medium; a pumping 1^ source generating a 
plurality of pumping lights having wavelengths difiierent from each othen an optical 
device introdudng the plurality of pumping lights to the optical amplifying medium; and 
control means for controlling the pumping l^ht source. The trsuismissbn stettion serxls 
out a plurality of reference lights iiavirg wavelengths at whteh respective Raman gains 
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obtained by the plurality of pumping lights reach peaks or wavelengths dose to the 
above wavelengths. Then, the control means controls the plurality of pumping lights 
based on the optical powers of the plurality (rf leferenoe lights. 

In the above optical transmission system, since the pumping lights are controlled 
based on the reference lights, the optical powers of the pumping lights are always 
controlled prop^ not depending on the number or arrengennent of signal Hghts 
contained in the WDM light. Thus, it becomes ea^ to manage the tilt of Raman gain or 
the output power. 

In the atxsve optical transmission system, the transmission station may transmit 
information to the receptbn station utilizing at least a part of the plurality of refferenoe 
lights. In this case, since the infomiation is transmitted utilizing the reference light, 
communication sources (espedally, wavelength or band) are effectively utiRzed. 

Further, h the above optical transmission system, the configuration rnay be such 
that there is lUrther provided detecting means for detecting the optical powers of the 
plurality of reference lights contained in the WDM light, and the control means controls 
the optical powers of the plurality of pumping Hghts 80 tfiat the optical powers of the 
plurality of lefersnoe lights detected by the detecting means are equalized. Here, the 
delecting means may comprise reflecting means for selectively refiecling the plurality of 
refeience lighAs, and Tight receiving means for converting ttie reference light reflected 
the reflecting means into an electric signal. 

Moreover, in the atx>ve optical transmission system, ttie control means may 
control the plurality of pumping lights based on an average value of the respective 
optical powers of the plurality of reference lights, in this case, since an influence of noise 
Hght Is suppressed, the optical powerof the WDM light can be monaorod accurately. 

Further, in the case where the optical transmission system Is provided wfth a 
discrete optical ampHRer amplifying the WDM light, and the reference light, a part of the 
plurality of reference lights, is positioned outside a gain band of the discrete optical 
amplifl^, an auxlRary light having a wavelength same as tiiat of the reference light 
positioned outside the gain band of the discrete optical amplifier, ruay be multiple)«d 
with the WDM light In Htm configuration, the optical power of the reference light that is 
not amplified by the discrete optical amplifier is becomes weaker than the optical power 
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Of the refBrenoe light that is amplified by the discrete optical ampfifier. TheiefbrB. by 
supplying the aicdliary JSqM, the opticat power of the leferenoe light posltbned outside 
the gain band of the discrele opHcal amplifier is compensated. 

An optical amplifier as another aspect of the present invention is a Raman 
amplifier ampfiiying signal lights due to a Raman effect oocuning In an optical 
amplification medium. The Raman amplifier comprises a pumfwig l^ht supply section, 
an output light monitoring section, an amplified sponteuieous Raman scattering light 
processing section, a storing section, an amplified spontaneous Raman scattering light 
calculating section stkI a pumping light control section. Tfie pumping light supply 
section supplies pumping Fights to Une optical amplification medium. The output light 
monitoring sectfon measures the power of a light, which is propagated through the 
optical amplification medium to be output The amplified spontaneous Raman 
scattering light processing section supplies, in the prepaiatlon state before starting the 
operation, the pumping lights to the optioal ampfilfcatlon medium to be actually used in 
the operation tftne, to measure the power of an amplified sporttaneous Raman 
scattering light generated in the optical ampHRcation medium, and baaed on the power 
of the measured amplified spontaneous l^uman scattering light, obtains a ooefflder^ 
modeling formula for calculating the power of the amplified spontaneous Raman 
scattering light after starting the operation. The storing section stores the coefficient 
otTtained by the amplified spontaneous Raman scattering light processing section. The 
amplified spontaneous Raman scattering light calculating section calculates, in 
accorckux» with the modeling fbrrrujla to which tlie coefficient stored in the storing 
section is applied, the power of the amplified spontaneous i=^an scattering light 
^nerated after starting the operation, according to the powers of [lumping lights 
supplied to the optical ampiificaUon medium flfom tfie pumping light supply section. The 
pumping light control section corrects the output light power measured by the output 
fight rnoniiorihg section using the power of trie amplified spontEUieous Ftaman scai^^ 
ligfit cakxitated by the amplified spontaneous Raman scattering light cdlculating section, 

to ooritroi an operation of the pumping fight supply seclksn based on the corrected out^ 
light power. 

In the Raman amplifier of such a configuration, as the processing of field 
investigation and the lii«e in the preparation stage before starting tfie operation, the 
amplified spontaneous Raman scattering light is measursd using tfie optical 
amplification medium to be used actually at the operation time, and based on the 
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measurement result, the coefficient of the modeling formula for calculating the amplified 
spontaneous Raman scattering light power Is obtained, to be stored in the storing 
section. Then, after starting the operation, in accordance with the modelaig formula to 
vtfhich the above coefficient is applied , the amplified spontaneous F^aman scattering light 
power is obtained by the eolation, according to the powers of pumphg lights supplied 
to the optical amplification medium, and the power of the amplBted spontaneous Raman 
scattering Dght to the output light power measured by the output light monitoring section 
is correclBd, using the calculation result, so that an operation control of the pumping light 
supply section is executed based on the conected power. Thus, it becomes possible to 
correct the amplified spontaneous Raman scattering light corresponding to actual 
operation situations. Therefore, it becomes possible to perform reliably various controls 
of ttie Raman amplifier, for example, an output-constant control, a shutdown control, a 
control of wavelength charactorisfc deviation and the lilce. 

An optical ampBfier as a lUrther aspect of the present Invention comprises: a 
pumping unR supplying pumping lights to an optical amplification medium; a connecting 
loss measuring section that inputs a measuring light different from a signal light to an 
optical path between the pumping unit and the optical amplification medium, and based 
on a reflected light and a bedoMord scattering light of the measuring Pglrt, which are 
generated in the apiGcai path, measures connecting loss at one or more connecting 
poffTts existing on the optical path; and a control section that controls the supply 
condition of the pumping lights by the punping unit, aooording to the connections loss 
measured by the oonrtecting loss measuring section. 

In tine optical amplifierof such aoonfiguratk>n, ttie connecting toss atone or more 
connecting points e)^ng between ti>e pumping unit and ttie optical amf^ification 
medkim, is rneasured based on the reflected light and the badward scattering light, a^ 
according to the measuring result, which are different from the ^gnal Bght. the supply 
condMion of the pumping K^its is contnotled by the control secQon. As a result It 
becomes possble to detect with accuracy not only the detachment of an optical 
connector at the connecting point but also an abnormality of Connection corKlitton due to 
a FF phenomenon, which leads to the breakage of optical fiber, so that the powers of 
pumping lights passing through the oormeding pdnts can be i^iiabty controlled. 

Further, in the above optical amplifier, a specific configuration of the connecting 
loss measuring section may be such tliat, utilizing the optlced time domain reflectometry 
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or the optical frequency domain reflectDmeby, the loss distributkm In a longitudinal 
direction of tlie optical path betiA/aen the pumping unit and the optical ampliflcation 
medium ia measured. Moreover, a spedflG configuration of tfie pumping unit may \3e 
such that pumping lights capable of amplifying, due to the Raman efl^ the signal lights 
being propagated through the optical ampllficalion medium, are generated, to be 
supplied ID the opdcai amplification medium. 

Furthennore, In the connecting loss measuring section of tfie above optical 
amplifier, a pumping light generated by switching a pumping light source drive system 
included in the pumping unit to a drive system different from tfiat at tfie normal operation 
time, is used as the measuring ligfiL In such a configuration, since the pumping lighit 
source is utHized as a measuring llgfit source, it becomes possible to achieve the 
simplificalion of optical amplifier conf^uration and tfie low cost 

Other objects, features and advantages of the pr^ent invention win become 
dear from the following description of the embodiments, in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWIIMQS 

RQ. 1 is a blocK diagram of an opticai transmission system according to an 
embodiment 1 -1 of the present invention. 

RG. 2 is a diagram for explaining an arrangement method of reference i^hts in 
the embodiment 1-1. 

RG. 3 is a t>lock diagram of a transmission station in tfie embodiment 1-1 . 

RG. 4 is an example of a transmission circuit in the case where data is 
transmitlBd utiUzing ifie r^isrence light in the embodiment 1-1. 

RG. 5 Is a block diagram of a condol circuit provided in each repeater station in 
tfe embodvnent 1-1 . 

RG. 6 is a diagram for explaining an efliect of the opticai transnriis^on ^stem o^ 
the embodiment 1 -1 . 

RG. 7 shows an emtsodiment of ttie rapeater station operating based on the 
optical power of aWDM light in the embodiment 1-1 . 

RG. 8 Is a diagram for explaining opticai detections, in which (a) shows the 
opticai detection in a conventional technique, arxl (b) sfiows the optical detection in the 
embodiment 1-1. 
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RG. 9 is a block diagram of a repeater statton of an optical transmisaion system 
of an embodiment 1 -Z 

RG. 10 is a diagram for explain^g a relationship between a Raman amplifier 
and an erbium<loped fiber optical amplifier in the enribodiment 1 -2. 

RG. 11 is a diagram showing an embodiment of an apparatus for detecting the 
optical powers of the lel^noe lights in the ernbodiments 1-1 and 1-2. 

RG. 1 2 is a diagram showing a nK)dified ^cample of a detectibn drcuit of RG. 1 1 . 

RG. 13 is a blodc diagram showing a configuration of a Raman amplifier 
according to an emtxxiiment 2-1 of the present inverrtion. 

RG. 14 is a flowchart for explaining an operation in the pieparatlonsig^t)ef^ 
starting the operation. 

RG. 15 Is a diagram sfK»Mng an example of an ASS optical power 
measurement in st^ 201 of RG. 14. 

RQ. 16 is a block diagram sfxiwing a configuration of an op&^ amplifier 
according to an embodiment 2-2 of llie present Invention. 

RG. 17 is a block diagram showing a configurafon of a Raman ampKier 
according to an embodinrient2-3of the present invention. 

RG. 18 is a flowchart for &<plaining a pumping light power setting method 
related to Itie embodiment 2-a 

RG. 19 is a diagram showing a spec^ example of a wav^ength characteristic 
control of signal light in the embodiment 2-3. 

RG. 20 is a block diagram showing another configuration example reialed to the 
embodiment 2-a 

RG. 21 is a diagram showing a oonf^ration of an optical transmission system 
according to an embodiment 2-4. 

RG. 22 is a block diagram showing a basic configuration of an opticai amplifbr 
according to an embodftnent 3 of the present invention. 

RG. 23 is a block diagram showing a specific example of an opQcal ampNfier 
according to an embocflment3-1 . 

RG. 24 b a diagram showing an example of waveform of a measuring light in 
the embodiment 3-1 . 

RG. 25 is a diagram showing an ^cample of wavelength transmission 
characteristic of a WDM coupler to be used for multiplm'ng the measuring light In the 
emtx)diment3-1. 

RG. 26 is a diagram showing an example of a typical OTDR measuring system. 
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RG. 27 a diagram sho^Arfng an example in the case vtrfiere the loss 
of a typical optical amplifier is measured by applying the OTDR measuring system In 
RG.2B. 

RQ. 28 is a flowchart for explainbig an operation of the embodiment 3-1 . 

RG. 29 is a biQcIc diagram showing a configuration of an optteal amplifier 
according to an embodiment 3-2 of the present invention. 

RG. 30 is a diagram showing an example of a typical OFDR rr^asuring system. 

RG. 31 Is a flowchart for explaining an operation of the embodiment 3-2. 

RG. 32 is a block dispBm showing a configuration of an optical amplifier 
according to an emtxxliment 3-3 of the present invention. 

RG. 33 Is a ttock diagram stiovying a configuration of an optical repeater node 
apparatus according to an embodiment 3^ of the present invention. 

RG. 34 is a diagram showing a configuration example of a oonr^ctbig loss 
supen;isory unit Id which the OTDR rneasuring system is applied in trie ernbodiment 3-4. 

RG. 35 is a blodc diagram, showing a configuration of an optical amplifier 
according to an embodrnent 3-5 of the prasent invention. 

RG. 36 is a diagram showing an example of an optical cormedor to be used in 
ttTeemtxx3iment3^. 

RG. 37 a diagram showing ariother stoidurBl exaniple of tlie optical connector 
related to tiie embodiments^. 

RG. 38 is a block diagram of an optical transmission system using a typical 
Raman amplifier. 

RG. 39 is a diagram ^cemplariiy showing a noise Kght COTitained in an output 
signal light of a typical Raman amplifier. 

RG. 40 6 a diagram for explaining an example of a monitoring system of the 
signal l^lit output power In a conventional Raman amplifier. 

RG. 41 Is a digram for plaining a fiber fuse (FF) ph^xxnenon. 

RQ. 42 is a block diagiam showing a configuration example of a conventional 
Ftaman amplifier. 

DETAILED DESCRIPTION OF THE IMVENTION 

Hereinafter, embodiments of the present invention will be descrftied wtth 
rsfersnce to drawings. In this description, same reference numerals denote same or 
conesponding parts tiiroughout all figures. 
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RG. 1 is a block diagram of an opticsd transmission system according to an 
embodiment 1-1 of the present invention. Here, in this system, a plurality of repeater 
stations 130 is provided between a transmission station 110 and a leoeption stafon 120. 
A WDM light is transmitted via the repealer stations 130. and further. Raman 
amplification is peifonmed in each repeater station 130. 

The transmission station 110 generates the WDM light containing signal light 
and reference light, to send out Here, the signal Tight consists of a plurality of signal 
lights fs1 to fsn of wavelengths different from each other. I=urtiier, the reference light 
consists of a plurality of refference lights fri to fr3 of wavelengths different from each 
otiier. Note, the wavefengths or frequencies of the reference lights fri to 1r3 are 
determined, respectively, based on the wavelengthis or frequencies of pumping lights 
1p1 to fp3 to be described later. 

BetMsen the tnansmlssion station 110 and a first stage repeater station 130, 
betsMsen the respective repeater stations 130, and betvveen a last stage repeater station 
130andlhapeceplionslHtionl20,areconnecfedviatran8mi88ionpeithfibers101. Here, 
each transmission path fiber 101 is an optical tra n smission medium propagating 
therethrcxigh the WI3M light, and also functions as an optical amplification medium by 
reoelvino the pumping lights. 

Each repeater station 130 comprises a pumping light source (LJD) 102, a WDM 
coupler 103, a branching coupler 131 , an optical spectrum analyzer 132 and a control 
circuit 13a Here, the pumping light source 102 includes a plurality of laser diodes, to 
generate a plurality of pumping lights of wavefengtfis different from each ottier. Herein, 
three pumping lights fpl to fjp3 are generated. Then, the WDM coupfer 103 leads the 
pumping lights 1p1 to fp3 generated by the pumping light source 1 02 to the transmissicxi 
pathfiberioi. As a result, the transmission path fiber 101 is supplied with the pumping 
lights fpl to tj33, to function as the optical amplification rnedium tor Rarnanampllficaaon. 
Namely, the transmission path fiber 101. the pumping light source 102 and tiie WDM 
coupler 1 03 function as a Raman amplifier ampOiying tiie WI3M light 

The branching coupler 131 branches a part of tiie WDM light that has been 
amplified in tiie transmission path fitier 101 , to lead it to the optical spectrum analyzer 
132. The optical spectrum analyzer 132 moriitorsthie optical power of eadi wavelength 
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contained in the WDM light, and then, detects the optical powers of the reference lights 
frl to fiiS contained in the WDIVI lighL 

The control circuit 133 drives the pumping light source 102, b&se6 on thd opticsd 
povvars of the reference lights fn to fid detected by the optical spectrurn anaiyzBr 132^ 
That is, the cofitroldrc»lt 133 adjusts the optical povt^is of the punripingl^^ tofp3^ 
leased on the optical powers of ifie reference iightsfirl to fi3. To be specific, tfie optical 
powers of tfie pumping lights fjsl to fp3 are adjusted, so ttiat, for example, the average 
optical power of the refenenoe lights fn to 1i3 is held to a predetemnined value and also 
the optical powers of the reference lights frl to ft3 are equalized. 

RG. 2 is a diagram for explaining an anengement method of the reference lights. 
The frequencies (or wavelengths) of the reference lights fin to fr3 are detemilned based 
on the frequencies (or wavelengths) of the corresponding pumping lights fpl to fp3. For 
example, the reference light frl is aUocated with a fiequency, which is shifted from the 
pumping light fpl by a Raman shift lifequency. Here, although not primarily, "Ramen 
shift frequency means la difference between ihe frequency of the given pumping 11^ 
and the frequency at which a Raman gain obtained caused by the pumping light 
reaches apeak". Then, this Raman shrft frequency is about 13.2TMz in the case where 
a silica-based optical fiber is used for the transmission path fiber 101. Further, if tiie 
Raman shift frequency is converted Into the wavelength, it corresponds to about 1 0Onm 
ina1.3to1.55Mmband. Namely, the reference light frl is ananged in a wavelength at 
which a IRaman gain caused by the pumping light fpl reaches a peaic In other words, 
the reference light fh ts allocated with a frequency lower than the frequency of the 
pumping light fpl by about 1 3.2THZ. Further, in turn, the reference light frl is allocated 
with a wavelength longer than the wavelength of the pumping light 1p1 by about lOOnm. 

Similarly, the reference Bghl tr2 is arranged in a wavelength at which a Raman 
gain caused by the pumping light fp2 readies a peaK. Further, the reference light fr3 is 
arranged in a wavelength at which a Raman gain caused by the pumping light fjaS 
reaches a peaic 

In the manner as described above, the reference Pghts frl to fi3 are ananged In 
the wavelengths at which the Raman gains caused by the conespondlng pumping Bghts 
1p1 tofj33 reach pealcs, respectively. However, the reference lights fil to fr3do not need 
to be accureteiy aimnged in the wavelengths at which the Raman gains caused by the 
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oorresponding pumping l^hts fp1 to fp3 reach peaks, respectively, and may be 

arrariged in wavelengths close to the wavelerigths at whl^ 

the oorresponding pumping lights fp1 to fp3 reach peaks, respectively. 

Further, in the case where the signal ilghlsfel to fisn are arranged on previously 
determlrred frequency grids to be transmitted, the reference Dghts fri to fr3 are also 
arranged on the frequency grids to be transmitted. At this time, the reference lights fin to 
fr3 are arranged on the frequerK:y grkJs dosest to frequencies at which the Raman gains 
caused by the pumping lights fp1 to fp3 reach peaks. Such frequency grids are defined 
in an ITOT. In the definitbn in ITU-T, recommended values of a retierence frequency 
(anchor frequency) and frequency inten«is (50GHz, 100GHz) are indk:ated. 

RQ. 3 is a block diagram of the transmission station 1 1 0. Herein, only a function 
necessary for generating the WDM light is illustrated. The transmlsston station 110 
comprfees: light souroes (LD) 1 11-1 to 111-n for generating the signal lights f^l to fan; 
light sources (LD) 112-1 to 112-3 for generating the reference lights fM to fr3; and a 
muMpleMBr 113 multipieKing the signal Ughlsfsi tof^andtherefiefenGellghlsfrl tof^ 
to generate the WDM light The frequendss (or wavelengths) of the reference lights fil 
to ii3 are determined as described in the above. 

The fight sources 111-1 to 111-n are driven when data (or intomiation) is 
transmitted to the reception station 120. I=br example, the light source 111-1 Is driven 
when data generated by a data source 11 4-1 is transmitted to the reoeptkvistafion 120. 
On the other hand. basx:alty. the light sources 112-1 to 112-3 always generate the 
reference lights fri to fr3 to output them. Here, the light sources 112-1 to 112-3 ntay 
output oontinwxis wave (CW) lights or may transrnit signals of predelBrmined pattem. 

f>kM)e, the signal lightsfsl tofs3areusedfortransmltlingthedata(orinformatk>n). 
whereas the reference lights fh to frd are used primarily for controlfing a F)aman 
amplificatton operation in each repeater station 130. However, in the optical 
transmissfon system of the embodiment 1-1. the lefsrsnoe lights fh to fr3 be 
utilized for transmitting the data (or intomrtation). However, since the reference lights frt 
to fr3 are used for controlling the Raman ampiificatton operation in each repeater statton 
130, it Is not basksJIy permissible to stop the reference lights fri to fr3. Therefore, in a 
system permitting the data (or Infonnation) transmission utilizing the reference lights fn 
to fr3, as shown in RQ. 4 for exampfe. there is provided a function of selecting "data to 
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be transmittecT or 'lixed pattern data' using a selector 15. Although RG. 4 shows the 
case of direct modulation by the LD» it is supposed that such selection can be perfonmed 
on the presence or absence of the data, as described above, and lUrther on whether or 
not the modulation Is to be performed, also in the case of rademal modulation by an 
optical modulator. Then, in this case, the Hght source 112 (112-1 to 112'3), when 
received data to be transmitted, transmits the data, and when did not received data to 
be transmitted, transmits the fixed pattern data (or n(m-modulatlon). 

RG. 5 is a block diagram of the control circuit 133 provided in each repeater 
station 1 30. The control circuit 1 33 comprises an A/D cocn&Vbt 141 , a C^P 142, a D/A 
converter 143, amplifiere 144-1 to 144-3 and power tran^stors 146-1 to 145^. The A/D 
converter 141 converts optical povwer values of the refference lights fii to fif3, detected by 
the optica] spectrum analyzer 132. Into digital data, to send it to the DSP 142. In tfie 
case whei9 the optical spectmm analyzer 132 is provided with a digital output irrterfao^ 
the A/D converter 141 Is unnecessary, and tfie optical power values of the refierenoe 
lights fin to frd, detected by the optical spectrum analyzer 132, are sent to the D6P 142 
just as they are. 

The DSP 142 calculates a command value necessary for oontroiling the 
pumping light source 1 02 in accordance with the previously determined algorithm. Here, 
the algorithm executed by the DSP 142 follows the next relational expresston (1.1), for 
example, if a control loop is formed using three pumpvig lights fpl to fp3 and three 
reference lights fii tofr3. 
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In this relalkNial expression (1.1), "Prl" to "Pi^r repreeent the optical power 
values of the reference lights fn to fr3, detected by the optical spectrum analysaer 132. 
Further, "PsreT represents the output level to be objective (object optical power). Note, 
Tsref is a previously determined fixed value. Each element in a matrix A (All to A33) 
is a gain factor previously calculated by means of simulation or the like. And. "APpi ' to 
'APp3" represent variation amounts of the pumping lights fpl to fp3, respectively. 
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The DSP 142 feedback controls the pumf^ng lights fp1 to fp3 using the relational 
expression (1 .1), Then, when "Prl' to 'PcS" are in a predetermined error range relative 
to Tsier, respectively, it is deemed that the control loop converged. 

When the variation amounts "APpI" to "^PpS^ are obAalned in aooordance with 
the relationai expression (1.1), the DSP 142 calculates setting values for setting the 
optical powers of the pumping lights fpl to fjad using the variation amounts. Namely, the 
DSP 142 peribims the fbltowing calculation. Note, "Ppl (n)' to "PpS (n)' are previous 
time setting values, and "Ppl (rn-l)' to "PpS in*■^)' are new selling values. 

Ppl (n+1) - Pp1 (n) + APpi 
I=»p2 (n+1) - Pp2 (n) + APp2 
Pp3 (n+1) = Pp2 (n) + APp3 

TTie D/A oonveiter 143 converts the setting values (setting values irKlicatir^ the 
optical powers or the pumping lights fpl to tp3) calculated by the DSP 142 into analog 
values, respectively, to give them to the corresponding amplifiers 144-1 to 144-3. The 
amplifieis 144-1 to 144-3 ampniy the analog values given fitsm the DSP 142, 
respectively. Then, the power transislDrs 145-1 to 146-3 generato currents 
corrssponding to outputs from the amplifiers 144-1 to 144-3. respediveiy. 

The pumping light source 1Q2 is driven with the currents generated by the 
amplifiers 144-1 to 144-3, Namely, the laser diode for generating the pumping light fpl 
is driven with the current generated by the amplifier 144-1. SimOarty, the laser diodes for 
generadng the pumping lights 1p2 and fp3 are driven with the currems generated 
amplifiers 144-2 and 144-3, respectivety. 

Thus, the control circuit 133 controls the opBcal powers of the pumping lights fpl 
to fp3 utnizing the reference ligtils fri to fi3. At this time, the optical powers of the 
pumping lights fpl to f|p3 are adjusted so that, for example, the optical powers of the 
rstensnce lights fri to frS are equalized. Accordingly, in the optical transmission system 
of the embodiment 1-1 , proper Raman ampRRcation is always performed, Irrespective of 
ttieairangement of signal lights fisi to^. 



In orcter to efficiently obtain a wide signal band in tiie optical transmis^n system 
utilizing the IRaman amplification, generally, a pluttillty of pumping lights fpl to fp3 is 
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arranged at proper frequency inten^ls or proper wavelength spadng. Therefore, if a 
plurality of referenoelighisfn to fi3 is arranged in the wavelengths at which the Raman 
gains caused by the pumping lights fp1 to fp3 reach peaks, as siiown in RG. 6. the 
reference lights fn to fr3 are resuitantly arranged at the proper frequency inten/als or the 
proper wavelength spacing over the sukJstBntialiy entire signal band of the WDM light 
Then, in the optical tnsurismisston system of the embodiment 1-1, the Raman 
amplification is controlled utilizing the reference l^hts frt to fi3. Accordingly, even in the 
case where the number of signal lights contained in the WDI\^ light is less (In RG. 6. only 
four signal lights fel to fis4 are used) or the case where tliearrangenrent of signal lights 
contained in the WDM light are biased (in RG. 6, signal lights are ansnged only in a 
shorter wavelength region in the ^nal tiand), the suitable Raman amplification can be 
obtained. Namely, it is possible to equalize gains over tiie entire signal band. 

Rjrther, in the system of tlieembodirnent 1-1, since the reliersnce lights fh tofkS 
are arranged in the wavelengths at which the Raman gains caused by the pumping 
lights 1p1 to 1^ reach peaks. It is possible to obtain relatively easily a desired gain ti^ 
adjusting the pumping eghtafpl tofpa. 

Moreover, in thie embodiment 1-1, the control for equalizing the gains in the 
signal band of the WDM light is performed utilizing the reference lights frl to fi3. These 
refference lights rnay be used for controlling the tDtcd output power of the WDM 1^^ In 
tills case, tfie control circuit 133, as sfiown in RG. 7 for example, comprises an 
equalization control section 151 and an ALC (automatic level controO sectfon 152. Here, 
the equaiizalion control section 1 51 controls the pumping lights fpl to fp3 generated by 
the pumping light source 102 as described above. On the other hand, the ALC section 
15Scak»iales an average value of the respective optical powers of the reference lights 
fn to tiS. detected by the optical spectrum analyzer 132. 

Rjrther, the ALjC section 152 may corrects the cateulation result of the 
equalization control sectbn 151 based on the average value, in this case, the control 
drcuiti 33 oorilrols not only the respective optical powers of the refiensncel^ht^ tofrS, 
but also the pumping lights fpl to fp3 based on the average value. As a result, at the 
sartie tirue wlien the gains of Raman amplHication are ecpalized, tlie output power of 
the WDM light is held to the desired level. 
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The ALC section 152 may oontrols attenuation in an optical attenuator (ATT) 153, 
so that, for exampia, the average value of the respective optical powers of the reference 
lights frt to 1i3 coincides with a previously determined target output power per 1 channel. 

In such a rnanner, according to the system In which orily the reference lights frt 
to 1r3 are extiaclBd fix)m the WDM light and the total output power 
the optical power of each signal light oontained in the WDM Rght) is estimated utilizing 
theee reference Dghls. the opb'cal power of the WDM light can be monitored with high 
accuracy, even in the case where the nwnber df signal Hghts oontained in the WDM Ight 
is less. 

Namely, as in the conventional ^stem, If the optical power of the WDM light is to 
be detected using a ^ngle photodlode, rx}t only the optical power of the s^nal ligiit 
also the optical power caused a rx)ise of ASE or the like, are delected over the entire 
band. F=breKampie, ^ an example shovvn in (a) of RG. 8, since alt the optical power of 
a slanted line region is detected even in the case where only a signal light exists. 
Therefore, it Is impossible to detect oonectly the optical power of the signal lighL 

Contrary to the above, in the system of the embodiment 1-1, since the optical 
power of a nam>w band including the respective reference lights is detected, the system 
ishardlyirtfluencedbyanolse. Namely, In the system of the embodimenl 1-1. only the 
optical power in a started line region shown in (b) Of RG. 8 is detected, and therelbrB, 
the optical powers of the reference ligfTts can be accurately detected. Thus, the optical 
power of the WDM light (or each signal light oontained in tiie WDM light) can be 
accurately detected. 

r^exl, an embodimenl 1 -2 of the present invention wiU be described. 

RG. 9 is a block diagram of a repeater station of the optical transrnlssion system 
according to the embodiment 1-2 of the present Invention. This repeater station 
comprises an erbium-doped fiber optical amplifier (EDFA) 161 for amplifying the signal 
band. Narnely, In this system, tile i=tarnan amplifiers and the erbiuHHtoped fiber o^^ 
amplifiers are mixed. Furtiier, a relationship betvween ttie Raman amplifier and the 
erbium-doped fiber optical amplifier 161 is shown in RG. 10. 
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The erbium-doped fiber optical amplifier 161 and the Raman amplifier are 
denned so as to amplify the signal light as shown in RG. 10. Here, the gain by the 
Raman amplifier is obtained by the pumping lights fpl to fp3. Further, if a flat Raman 
gain is to be obtained over the entire signal band, sometknes the fifequency at which the 
Raman gain caused by a certain pumping light among the plurality of pumping lights 
reaches a peak, Is localsd outside the signal band. In the example of RQ. 10, the 
fipsqueni^ at which ttieRannan gain caused by the pumping Bghtlpi reaches the peak, 
is tocatsd outskle the signal band. 

However, in the optical transmis^n system of the embodiment 1-2, the 
reference lights frl to fi3 are set respectively at tfie fnsquerdes at which the Raman 
gains caused by the pumping lights fpl to fp3 reach peaks, respectively. Namely, in the 
example shown in RG. 10, since the reference light frt is located outside the signal 
band, the amplification is rK>t effected or an amplification amount is insuffident, by the 
erblunKloped fber optical amplifier 161. Acoordinc^, if nothing is done, the optical 
power (4 tfie reference Gghtfrl is reduced compared witti the other reference lights fi2 
andfrS. Therefbre. in the sysl^ of the embodirnent 1^2, an auxiliary Hght source (m 
162 Ibr genei«iing an auxiliary light of a frequency the sarrw as tliat of the relsrenoe li^ 
1r1 and a WDM coupler 163 muWpl^dng the auxHIary light generated by the auxiliary 
light source 162 with the WDly/l light are provkled in each repeater staibn (or some 
repeater stations ^nong all the repeater stations). Then, the auxiliaiy Tight of the 
1iequerx]y tfie same as that of the reference light fri is supplied, so that the optical power 
of the reference light fri, which is not amplified by the erbium-doped fiber optical 
amii^ifier 161, adjusted so as to be the same level as those of the other reference 
rights fi2 and fr3. 

Rjrtfier. a WDM coupler 171 Is disposed between ifie optical spectrum analyzer 
132 and the optical branching coupler 131. Thus, a part of the power of tfie raferenoe 
Hghtfrl outside the signal bend is selected, to be led to a phoiodkxle 172, and when 
repeatedly ampTified by a supen/lsory signal repeater 173. it is superimposed writh 
supen/lsory signal data at the auxiliary light source 162 to pass through via the WDM 
coupler 163 for the multiple)dng. As a result, it is also possible to superimpose a 
supen/isory signal light on the reference light outside ttie signal band 
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In the example shown in RG. 1 or RG. 9, as a cincuit (detecting means) for 
detecting the optical powers of the reference lights frt to fi3, the optical spectnjm 
analyzerl32isused. Hoyvever,thep(esentinN«ntlonisnotluTiiliedlher^ 

RG.11 shews an emboduTient of a ciroiit for detecting the optical powers of the 
reference lights. Here, a detecting circuit 170 is piovided Instead of the optical spectrum 
analyzer 132 shown In RG. 1 or FIG. 9. Namely, the detecting circuit 170 receivds the 
WDM light branched t)y the branching coupler 131, and detects the optical poweis of 
the reference lights fH to fi3coritalned in the WOM light, to notify the detection result to 
the control circuit 133. 

The detecting circuit 170 comprises refledor elements 171-1 to 171-3 selectively 
reflecting the reference lights fri to fj3. The reftedor elements 171-1 to 171-3 are 
realized tjy, tor example, fiber Bragg gratings. The reflector element 1 71 -1 reflects only 
the light of the frequency at which the reference light tri is set Similarly, the reflector 
elements 171-2 and 171-3 reflect only the lights of frequencies at which the reference 
lights fr2 and fr3 are set, respectively. The detecting circuit 170 ends by means of a 
reflecdorvfiee termination section 174. 

The light reflected bythe reflector elemerA 171-1 (Ihatis,therereiencelightfr1)l8 
led to a photodiode 173-1 by an optical device 172-1. This optical device 172-1 can be 
rsalized by. for example, an optical branching coupler, an optical circulator or the like. 
Then, the optical power of the reference light frl is delected by the photodiode 173-1. 
Slmiteuly. the reference lights fi2 and fi3 raflected by the rsfleclor elements 171-2 and 
171-3 are led to pholodlodes 173-2 and 173-3 by optical devices 172-2 and 172-3, 
respectively. Then, the optical powers of the reference lights fr2 and tir3 are detected by 
the pholodiodes 173-2 and 173^. 

In this manner, the detecting circuit shown In RG. 11 Is realized by combining 
simple optical devices. Therefore, it is possible to achieve the lower cost compered with 
the oonfiguralion utilizing the optical spectrum analyzer 1 32. 

RG. 12 is a nrodifled example of the detecting circuit shown in RG. 11. This 
delecting drcuit comprises a waveler^ separation filter 175 selectively passing 
therettirough previously detemiined wavelengths. In this example, the wavelengtti 
separation filterl75 passes therethrough only the reference lights fn to fi3. Then, these 
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reference lights frt to fi3 are led to the corresponding photodiodes 173-1 to 173<3, 
respectively. 

In the embodiments shovvn in RG. 1 to FIG. 12, the. Raman ampGRcation is 
realized with the pumrxng lights 1p1 to fp3 of three waves. However, the present 
invention Is not limited thereto, and Is applicable to any system utiDzing a pluralily of 
pumping lights of wavelengths different from each other. 

Next, an embodhient 2-1 of the present invention wm be described. 

RG. 13 is a block diagram showing a configuration of a Raman amplifier 
according to the embodiment 2-1 of the present invention. 

in RG. 13, the Raman amplifier of the embodiment 2-1 comprises, for example, 
a Raman amplificalion unit 201 supplying a pumping light Lp for Flaman amplification to 
an ojatical tiansmisslon path 202 as an optical amplificalion medium. The Raman 
amplificalion unit 201 comprises a pumping light supply section 210. an output liglit 
monitorihg section 220 and a corrtiol section 23Q. 

The pumping light supply section 210 comprises, for example, n pumping light 
sources (LD) 211-1 to 211-n. a combining device 212 and a WDM coupler 2ia The 
respective pumpnig light sources 21 1 -1 to 21 1 -n generate lights of roquirad wavelength 
bands capable of Raman amii^ifying a signal light Ls transmitted over the optical 
transmission path 202, to output them to the combining device 212. The combining 
device 212 combines output lights from the respective pumping l^hl sources 21 1-1 to 
211-n. to generate a pumping light Lp, and outputs the pumping light Lp to the WDM 
coupler 213. The WDM coupler 213 outputs the pumping light Lp output from the 
combining device 212, to the optical transmission path 202 connected vwith a signal lig^^ 
Input end of the Ranian amplificalion unit 201. and also tansmits the signal 11^ 
from the optical transmission path 202, to the output light monitoring section 220 at a 
latterstage. Thus, the presemRanrian amplifier has a backward pumping configuration 
in which a propagation direction of the pumping light Lp is opposite to a propagation 
direction of the signal light Ls. 

Wavelengths of the Ifcjhts output from the pumping light sources 21 1 -1 to 21 1 -n 
are set to correspond to a wavelength band of the signal light Ls. For example. In the 
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case where a silica-based optical fiber is used for the optical transmission path 202, 
output wavelengths of the respective pumping light sources 211-1 to 2ll-n are 
respectively set within a wavelength band of 1460nm, which Is shifted 
to a shorter wavelength side relative to the signal light of 1K0nm. (Mote, the output 
wavelengths of the signal light Ls and the lespective pumping light souces 211-1 to 
211-n in the present invention are not limited to the above exampla it is possible to 
apply the vvaveiength settings In loiovvn Rarnan amplifiere to the presem invent 

The output light monitoring section 220 comprises, tor example, a branching 
device 221, an optical filter 222 and a light receiving element (PD) 223. The branching 
device 221 branches a part of the light that has been propagated through the optical 
transmission path 202 and then has passed through the WDM coupler 213, as a 
monitor light |jn, to send ttie nranitor light ijm to the optical filter 222. The optical filter 
222, which is a bandpass filter having a transmission band corresponding to the 
wavelength band of the signal light la. extracts the light in the signal light wavelength 
band from the monitor light Lm sent from the branching device 221. to output the 
extracted light to the light leoeiving element 223. The light receiving element reoeivee 
the monitor light Lm passed through the optical filter 222. and generates an electric 
monitor signed ifie level of viMch is changed aooonding to Ifie power of tlie nionl^ 
Lm, to output the electric nKNiitor signal to the control section 230. 

The control section 230 comprises, for example, an ASS light processing drcult 
231 , a memory 232, an ASS light calculating circuit 233, an ALC circuit 234, a shutdown 
circuit 235, a pumping light power control dfcuit 236 and a setting value storing circuit 
237. Hero, the ALC circuit 234, the shutdown circuit 235 and ttie pumping light power 
corrtroi circuit 236 function as a pumping light supply section. 

The ASS light processing circuit 231 receives the monitor signal output from the 
light receiving etement 223 of the output light monitoring section 220. and in the 
preparation stage before startvig the operation of tlie present Raman amplilier as 
described later, detects the power of an ASS light generated by supplying the pumping 
light Lp to the optical transmteston path 202, based on the monitor signal, and then, 
using the detected ASS light power, obtains a ooefRcient of a modeling Ibmuila to be 
used for tiie calculation of tfie ASS light power after starting the operation of the Raman 
amplifier, to store the obtained coefficient in the memory 232. Tlie ASS light calculating 
circuit 233 reads out storage information in the memory 232, to calculale a confection 
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value of the ASS light power conesponding to a supply condition of the pumping light Lp 
after starting the operation, in accordance with the modeling formula The calculation 
result in the ASS light calculating circuit 233 Is transmitted to the AUG orcuit 234 and the 
shutdown circuit 235. 

The ALC ctrcuit 234 generates a signal for controlling the supply condition of the 
pumping Dght Lp so that the power of the signal light Ls output ftom the present Raman 
amplifier t)ecome3 fixed at the rsquired level, based on the monitor signal output from 
the light receiving element 223 of the output light monitoring section 220 and the 
connaction value of the ASS light power calculated Ijy the ASS light cafcxilating c^ 
to output the control signal to the pumping light power control drcuit 236. The shutdown 
drcuit 235 Judges whether or not the signal Oght Ls to tie input to the Raman pumpir^ 
unit aoi from the optical transmissbn path 202 is Intenupted, based on the monitor 
signal from the light receiving element 223 and the conection value of the ASS light 
power calculated l)y the ASS light calculating circuit 233. and if the signal light Ls is 
intenupted, stops the supply of the pumping light l4> or genefates a control signal tor 
suppressing the power of the pumping light Lp to the safe level at which the pumping 
light does not tiannfully affect a human txxly to output lha control signal to the pumping 
light power control drcuit 236. 

The pumping Ggm power control drcuit 236 is for adjusting drive oonditm 
respective pumping light sources 211-1 to 211-n to control the power of the pumping 
light Lp to t)e supplied to the optical transmission path 202. This pumping Bghi power 
control drcuit 236 drives the respective pumping light sources 211-1 to 211-n in 
accordance with a setting value of the pumping ligtil power previously stored in the 
setting value storing drcuit 237. when starting the operation of the Raman amplifier, and 
thereafter, controls the respective pumping light sources 21 1 -1 to 21 1 -n in accordance 
with the control signals respectively output from the ALC drrxiit 234 and the shutdown 
drcxilt 235. Further, the pumping nght power control drcuit 236 is provided wUh a 
Itinction of outputting a signal indicaling a setting condition of the present pumping light 
power to the ASS light calcuiaiing circuit 233. 

Next, an operation of the Raman amplifier in the embodiment 2-1 wlH be 
described. 
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FIG. 1 4 Is a flowchart for explaining th© operation In the pieparation stage befbie 
starting the operation. 

In the present Raman amplifier, as the processing fin the preparation stage 
before starting the operation, such as, field adjustment performed when the optical 
transmission system is assembled or the like, a series of processing for obtaining the 
ooefliciern of the rnodeling formula for calculating the ASS Hdhtpouve^ To 
be specific, first In step 201 ^201 in the figure, and the same rule is applied herein 
below) of FIG. 14, one of the n pumping light sources 211-1 to 211-n Is driven, and the 
power of the ASS Bght generated when the pumping light Lp output from the driven 
pumping source Is supplied to the optical transmission path 202, is measured by the 
output light monitoring section 220. The measurement of this ASS light power is 
performed by changing In stepwise the supply power of the pumping light Lp. such as, 
SftnW, lOOmW, 150mW, 200mW. 250mW and the like, as exemplified by black circles 
in Ra IS. Spedficaiiy, when the pumping light lp, the supply power of which is set 
oonesponding to each of the above measuring points, is given to the optical 
transmission path 202 (to whfch the pumping light Lp Is not input in the preparatfon 
stage) ftom the Raman amplifkalion unit 201. the ASS light is generated due to a 
Raman effiecl by the pumping light Lp; the ASS light being ptepagaled In a directton 
opposite to the propagatfon directkHi of the pumping light Lp, is nnput to the Raman 
amplificatfon unit 201 from the optical transmission path 202; a part of the ASS light is 
branched by the branching device 221 as the monitor light Lm, and tlien received by the 
light rsceiving element 223 via the optical filter 222; and a photo-electrically converted 
monitor signal is output to the ASS light^processing circuit 231. In the ASS light 
processing dncult 231, the power of the ASS light is detected based on the monitor 
signal from the light receiving element 223, and the detection result is stored In the 
memory 233 so as to oonespond to the supply power of the pumping light Lp. The 
measurement of the ASS light power performed by driving one pumping light source as 
described above, is sequentially performed on each of the n pumping light sources 211- 
1 to 211-n, and when alt the measurements are completed, control proceeds to step 
202. 

in step 202, arbitrary two pumping Kght sources among n pumping light sources 
211-1 to 211-n are combined with each other to be driven by the same power, and the 
pumping light Lp obtained by combining output lights of the combined pumping Kght 
sources, is supplied to the optical transmission path 202, so that the ASS light power 
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generated by the pumping light Lp is measured. The output power of the two pumping 
light sources is set so as to con^espond to at least one or more of the plurality of 
measuring points in the case where the one pumping l^ht source descritsed atx>ve is 
driven (for example, 100m or the like). The measurement of the ASS light power for 
when two pumping light sources are combined with eacti other, is perfoimed similarly to 
step 201. and the ASS fight power detected by the ASS light processing circuit 231 is 
stored in the memory 232, so as to correspond to the combination of the two pumping 
light sources and the setting value of the output power. The measurement of the ASS 
1^ power by the combination of two pumping light sources is performed sequentially 
tor all the combinations of n pumping light sources 211-1 to 211-n. When the 
measurenMs in all of the comtnnations are comi^eiBd, then oonlrol proceeds to step 
203. 

In step 203. the ASS light povy/er ^nerated when all of n pumping light sources 
211-1 to 211-n are driven by the same power. Is measured. Measurennent data in this 
case is acquired as data for verifying the coeffk:ient of the modeling formubfortheASS 
light power calculation, which is to be determined in the succeeding st^ based on the 
measurement resuHs in steps 201 and 202. Note, in the case the verification Is not 
needed, it is possible to omit the processing in step 203. 

In step 204, the storage data in the memory 232 is read out by the ASS light 
processing ditxiit 231, and a modeling formula expressing the ASS light power 
generated wfien one pumping light source is driven, Is prepared using the data actually 
measured in step 201 (refer to solid line in RG. 15). Here, a quadratic function shovwi in 
the next (2.1) foimula is adopted as the modeling formula expressing a relationship of 
the ASS light power Pass to the pumping light power Pp, and the actually measured 
value read out from tlie memory 232 Is substituted for the quadratic function to obtain 
coefficients a, b and o, so that modeling formulas corresponding to tfie respective 
pumping I'ght sources 211-1 to 211on are prepared, and ttie preparation results are 
stored in tfie memory 232. 

Pass - aP| + bPp + c ... (2.1) 

In Step 201^ the ASS Hght power generated when two pumping Hght sources are 
driven is compared with the ASS iigtn power generated when one pumping nght source 
is driven. The ASS light power generated when the plurality of pumping light sources Is 
driven is not equal to the simple sum of each ASS light power generated when one 



28 



pumping light source is driven. This is because the ASS light generated by a pumping 
light of a certain wavelength iieceives a gain by a pumping fight of another wavelength. 

For example, considenation is made on a Raman amplifier amplifying a signal 
Ught of 1550nm band (C-band) by three pumping tight sources of diffaiBnt wavelengths. 
Here, it Is assumed that the power of pumping light output from each of the three 
pumping light sources is 100mW. the ASS light poweis corresponding to C-band by the 
respective pumping Kghts are Pai. Pas and Pas. and the ASS light powers by the 
conriblnation of artMtrary two waves punipingligNs are pAiaP^aaarKlPA^ Inthlscase, 
the ASS l^ht powers by the tiMO waves pumping lights are such that the ASS light 
power by one of the pumping fights receives a gain by the other pumping light, that is. 
the sum of each ASS light power influenoed by both of the pumping lights is olstained. 
Therefore, the ASS light powers Pai2. Pass and Pasi by the two waves pumping fights 
can tie expressed tiy relational &q)ressions shown inthe (2J2) formula 
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Qi. Gs and Gs are gains of the respeclK^ pumping lights in C-band (espedally, 
gains to be given to ASS light), and viriil be neferied to as ASS ga^ 

The ASS gakis Gi. Ga and Gseae expressed by the neO. (2.3) formula based on 
the (2.2) formula. 
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As shown In (2.3) formula, the ASS gains Gi, Ga and can be calculated using 
the actually measured values Pai, Paz and Pa3 of the ASS light powers fbr yvhen one 
pumping light source is driven, and the actually measured Pais. Pas and Pasi of the 
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ASS light powers for when two pumping lK|ht sources aie combined with each other to 
be driven. Note, the case wtiena three pumping light sources are disposed has been 
exemplarily shown. However, for the case where four or more pumping light sources 
are disposed, the ASS gain conesponding to each pumping light source can be 
obtained, if the actually measured value for when each pumping light source is driven 
individually and the actually measured value for when two pumping light sources are 
oomt^ned with each other to be driven, have been obtained. 



Provided that a decibel (dB) value of the atxyve ASS gain follows a direct 
function, it becomes possible to calculate a coefficient of tine ASS gain. To t>e specific, if 
ASS gain coefficients smy^yz and yss. ttie ASS gain coefficients yi . Y2 and bi itie case 
vul^ra, for e}CQmple, each punning light power is 1(X)mW. can be «<pres8^ 
^4) formula 



_ 10lo9(Gj ^^ 10log(Gj ,, _ ioiog(G,) ,2^. 
^' 100 100 100 ' 

The ASS gain coefficients yi» yz and obtained In accordance with ^) formula are 
stored kitliernemory 232 as coefficients of the rnodelingfonrnulafOT 
light pc M Wf . 



In step 206, using the ASS gain ooefficients obtained in step 205, the ASS light 
power generated wtien all of n pumping light sources are driven. Specifically, the total 
power Pabsjm (mW) of tiie ASS light generated in C-t>and when three punrv}ing light 
sources ana driven, can be calculated next ^5) formula 



in the atiove formula, the respecHve values Pgsat, Passs and Pass3 are the ASS light 
powers caicuialed based (OT the aseffiderls a, b and 0 of ^1) fonmila obtained in slep 
204. and setting values of pumping fight powers Ppt, Pr and Ppg oorresporxllng to the 
respective Passi, Passb and Passs- 
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In step 207, the effective pumping light powers considering the Raman effect 
Onter-pump Raman effect) occurring t^etween pumping lights of respective wavelengths 
are obtained, and the ASS light total power is calculated u^ng the effective pumping 
light powers. To tie spedfc, If, for example, an energy transition coefficient due to the 
Inter-pump Raman ellieGt is r, arKi pumping ly^t frequencies output from three pumping 
light sGuroes are ft. h and fa. ttien effective imensity irK:raasing rates of the respective 
pumping Tight powers Ai, ^ and 2^ are espnessed by the neoA ^6) formula 



^2 



(2.6) 



Tfienefbre, the elfective purring Tight powers conskJerrig tfie infer-pump iRaman effect 
can tie expressed fri accordance with the next (2.7) formula. 

'•P3_eff-'*P3^*V 

Aocoidingiy, ifthe ASS light total power is calculatBd using the effectiva pumping light 
powers Ph_«ib Pp^^and Ppsusir obtained by (2.7) Ibnmula, then the next (2.8) formula is 
ootainod. 

,„|''ASSl*V^P?_eff*1^3rp3 «ff)/10 ^^IPASSa^YaPps.eff^Y-fPl.effUlO 
|PASS3*vfp,_eff*y2rP2.effl/10 



In step 208, the ASS light total power calculated in aooordanoe with (2.8) fon^ 
is compared wilh the ASS light power measured by driving all the pumping light sources 
instep203. Here, it is judged whether or not a difference between the calculaiion value 
using the niodeling formula arxi the actually measursd value, is a threshold 0ior example, 
0.5dB or the like) or above. If the difference is the threshold or above, control proceeds 
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to step 209. where the energy transition coefficient r used in step 207 is reexamined, 
and the correction of the effective pumplr^ light powers is performed, and thereafter, the 
ASS light total power Is again calculated. Then, until the diffensnoe between the 
calculation value and the actually measured value tiecomes smaller, the correctiGn of 
the effective pumping light powers is repeatedly performed. 

By performing the series of processing shown in step 201 to 209, In the 
preparation stage before starting the operation, the coefficient of the modeling formula 
used for the calculation of the ASS light power after starting tlie operation is obtained, 
based onthe nteasurementusir^ the optical transmission path 202 to be used actually, 
and the obtained ooefRciem is stored in the memory 232. 

When reechrig the stage to start the actual operation, in the present Raman 
amplifier, ttie pumping light power control circuit 236 reads out from tfie setting value 
storing circuit 237, an initial setting value of the pumping light power according to ttie 
signal Bght Lb to be transmitted, so that the respective pumping ligm sources 21 1-1 to 
211 HI are driven friacooidanoe with the initial setting value. Thus, the pumping light Lp 
having the predetermined power is supplied from the pumping light aupply section 210 
to the optical transmission path 202, and the signal Kght Ijs being propagated through 
the optical transmission path 202 is RarnanaiTiplified. This Raman amplified signal light 
Ls, as shown in RG. 40 described above, includes the ASS Rght generated due to 
Raman amplification and accumulated ASE light TTie signal light Ls propagated 
through ttie optical transmission path 202 is input to the FRaman pumping unit 21, to 
pass through the WDM coupler 213, and Hn&n a part thereof is branctied by the 
Isranching device 221 of the output ligtit monitoring section 220, as ttie monitor fight Lm. 
The monitor light Un is einnlnaled therefrom, optical components within a band other 
than the signal Oght band, by the optical filter 222, to be converted into an electric 
monitorsignaL The monitor ^gnal output fifom the light receiving elenient 223 is sent to 
the ALC circuit 234 and also to the shutdown drouit 235. 

In the ALC drcdt 234, the signal light output power Is judged based on the 
monitor signal from the Qght receiving element 223, and is subjected to the correction <a 
the ASS l^ht as shown in f^G. 40, In accordance with a correction value indicated by a 
signal output from the ASS light calculating circuit 23a To be specific, in the ASS light 
calculating circuft 233, the coefficient obtained In the preparation stage is read out from 
the memory 232, and the ASS light power corresponding to the present supi;^ power of 
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the pumping light Lp transmitted from the pumping l^ht power control ditxiit 236, is 
calculated using (2.8) formula Then, the calculation result is transmitted to the ALC 
circuit 234 as the correction value. Note, this correction value is also output to the 
shutdown circuit 235. In the ALC circuit 234 to which the correction value of the ASS 
light power Is transmitted, the s^nal light output power is dstair^ in which the ASS 
light component is con«cted by sutstnacttng the conrection value of tiie ASS Bght power 
from the signal light output power Jud^ based on ttie monitor signal from the light 
recdvfng element 223. Then, a signal for ooritroillng the pumping light supply state so 
that the post-oorreded signal light output power becomes fixed at the required lave). Is 
output from the ALC dicuit 234 to the pumping light power control circuit 236. Thus, the 
drive conditions of the respective pumping ligfit sources 211-1 to 211-n are feedtiack 
controlled, so that tiie output constant oontrd of the Rarnan amplifier is performed. 

Furttier, in ttie shutdown circuit 235, in ttie same manner as in tfie ALC drcuit 
234, the signal light output power in which the ASS light component is oonected, is 
obtained, arxl it is judged whether or rKA the post-coniected signal light outp^ 
previously set threshold or below. If the post-oorreded ^gnal light output power ts the 
threshold or below, it is Judged that tiie signal light Ls is IntBTTuplBd, and the supply of th^ 
pumping light Lp is stopped, or a control signal for suppressing the power of tiie 
pumping Lp to a predetermined level or below, Is output from the shutdown drcuit 
235 to the pumping light power control circuit 236. Thus, the drive conditions of the 
respective pumping light sources 211-1 to 211-n are controlled so that the shutdown 
oontnol of the Raman amplifier is performed. For ttie accuracy of tfiis ^utdown control, 
since the coeffident of ttie modebig fonnula for calculating the ASS lig^ power is 
detemnined so as to enable tiie calculation of the ASS light power within Vne error of 
0.5dB or less, as shown In the processing in step 208 and step 209, it is possible to 
detect the signal light even if a value of a ratio between ttie signal light power and the 
ASS light power becomes about 1/10. This means that, for exampb, in the case whtere 
ageneiation amountof the ASS light is >20dBm. the signal light power can be detected 
even in the case where the signal light power becomes smaller to about -30dBm 
(equivalenttothe signal light povtfer for one vtm in the tiansnfiission path pov^ 

According to the Raman amplifier in tiie embodiment 2-1 . as the field adjustment 
processing in tiie preparation stage befcMe starting the operation, ttie ASS light power Is 
measured using the optical transmission path 202 to be actually used at the operation 
time, and t>ased on the measurement result, the coefficient of the modeling formula for 
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cakxilata'ng the ASS light power is determined, so that the correction of the ASS light 
power at the operation time can be performed with high accuracy. Thus, it becomes 
P(^ibl9 to execute reliably the output constant control or the shutdown control of the 
Raman ampGfier. 

an embodiment 2-2 of the present invention will be described. 

RG. 16 Is a block djagram showir^ a oonf^uraBon of an opiScei amplificaiion 
^stem according to the embodiment 2-2 of the present Invention. 

In FIQ. 16, the optical amplification ^stem of the embodbnent 2-2 Is constituted 
such that, in the optical amplification system having a Known obnsttution In which a 
Raman amplifier and an eit>ium-cloped fiber amplifier (EDFA) are cascade connected, 
the constitution sftnilar to that in tf^embodunent 2-1 shown In FIG. 13 is adopted as a 
fbnner stage Raman amplifier, and also a part of the function of the control section 230 
constituting the Raman amplification unit 201 and aliinction of controiiing a latter stage 
^ EDFA module 203 are realized by oomirwn CPU 204 and memory 205, so that the 

Ramen amplifier and ttie EDFA are collectively managed. 

The CPU 204 executes the processing corresponding to that of the ASS light 
processing circuit 231 in the embodiment 2-1. according to the monitor signal output 
flom the fight receiving elenierrt 223 of tfie IRarrian ampfifi^^ 
coefficient of a rrxxfeiing formula for caicuiating the ASS light power, to store the 
obtained coefficient in the memory 205. Further, the CPU 204 executes the processing 
corresponding to that of the ASS light calculating circxiit 233 in the embodinnent 2-1, 
according to the signal Indicating the pumping light supply state output from the pumping 
light power control circuit 236, and calculates a correction value of the ASS light power 
at the operation time, to output the calculation result to the ALC circuit 23 and also the 
shutdown circuit 235, of the IRaman amplification unit 201. Moreover, tl^ CPU 204 is 
also provided with a function of executing the signal processing for a Iviown control of 
the EDFA module 203. and therelbre. is capable of perfonning the EDFA control uti&dng 
the ooneciion value of the ASS fight power genereted in the Ibmier stage Raman 
ampfifier. 

Note, the information relating to the initial setting value of the pumping light 
power that has been stored in the setting value storing circuit 237 in the embodirnerit 2-1 , 
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is stored in the memory 205, in this emIxxJiment Other components and operations 
other than the atx>ve. are the sanra as those in the embodiment 2-1 , and therefore, the 
descriptions thereof ane omitted. 

According to the opDoal amplification system in the embodiment 2-2, the 
appaiaUffi configuration in wNch the Raman amplifier and the EDFA are combined with 
each other, can also acHsve an effect simliarto that In the embodiment 2-1, and also 
the CPU 204 and the memory 205 are provided, which ate common to the Raman 
amplifier and the EDFA, to e}cecute the respective controls. Thus, it becomes possible 
to simplily the apparatus configuratioa 

Next, there wSI be described an embodiment 2-3 of the present invention. 

RQ. 17 is a block diagram showing a configuration of a Raman amplifier 
according to the embodbDent 2-3 of the present invention. 

In FIG. 17» the Raman ampler In the embodiment 2-3 is constituted such that, 
m the Raman arnpflfier in the emtxxlirnent 2-1 , there is provided a flni^^ 
the supply condition cff ttie pimping tight Lp so that the Raman amplified sicpial light Ls 
has a dearsdwawelength characteristic. To be specific, the configuration of the present 
Rsman amirilfier cfiffiers from that of the embodiment 2-1 in ttiat. in tiie output lk|ht 
monitoring section 220, a demultiplexer 224 and m light rec^ving elatients 223-1 to 
223hi^ are provided so tiiat the nionitDr light Ljn passed through the optical filter 221 can 
be divided into m wavelength biocks to be monitored, arxi also a pumping light power 
cakxiiaOrtg drcxiit 238 is provided hstoad of t^le ALC dncuit 234 and the sh^ 
235 that have been used in the embodimerrt 2-1. Note, other components ottier tfian 
tfie atx)ve are ^ilar to those of the embodiment 2-1, and tiierefors, tiie descriptions 
thereof sieomftted hers. 

The demuUplexBr 224 provided In tiie oi4)ut light monitoring section 220 
receives, sA one input port tfiereof. the ownRor fight Ljn passed through tiie optical filter 
221. and demultiplexes fine monitor light Lm into m wav^ngtfi bkx^, to output the 
lfc|hts of tiie wavslengtti blocks via ccxiesponding output poris thereof, to tiie light 
receiving elemanis 223-1 to 223-m. The respective light receiving elements 223-1 to 
2^n, which are connected witii the respective output ports of tiie demultiplexer 224, 
each converts tiie monitor light Lm demultipl^«ed for each wavelengtti block by tiie 
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demultiplexer 224 Into an electric monitor signal, to output IL The monitor signal output 
from each of the respective light receiving elen(ients22a-1 to 2234n is sent to the ASS 
light processing circuit 231 and also the pumping light power caloilaiing drcuit 238. 

The pumplr^ light power calculafing circuit 238 receives the monitor signal 
conesponding to each wavelength blocic output from each of the respective light 
receiving eiements 223-1 to 223-m, and the signal indicating the correction value of tiie 
ASS light power calculaied liy the ASS light calculating circuit 233, and leased on these 
^nals, calcuiates the setHr^ value of the pumping fight power capable of achieving the 
output signal light Is having the desired wavelength characteristic, to transmit the 
calculation result to the pumping light power control drcuit 236. 

In tlie Fteman ampBfler of the above configuradon. similaity to the wnbodimenl 2- 
1, in the preparation stage betora starting the operation, the ASS light power is 
rneasured using the optk»l transmission palh 202 to be actually used, and based on the 
rneasurement result, the coeflk^ of the rnodeling formula for cal^ 
power is obtained by the ASS light processing drcuit 231 , and the obtained coeffldent is 
stoiedinthemenrKNy232. Then, by utilizing the oonecdon value of the ASS llgfit power, 
which is calculaied by the ASS light calculating dncuit 233 using the coefficient obtained 
in the preparation stage, the setting value of the pumping ligiit power for obtaining the 
output signal light U having the desired wavelength chaiaderistic is caka^^ 

Here, a specific setting method of the pumping light power will be described 
referring to a flowchart of BG. 18. In the foitowing d^cription, conaderation is made on 
the case where the output signal ligtrt Ls is divided into three wavelength blocks, to 
calculale the setting value of the pumping light power. However, the numlser of divided 
wavelength biocl<s Is not limited to the above example. 

Rrst, in step 211 of RG. 18, the signal light Ls of a maximum number of 
wavelengths that can be transmMed, is input to the optical transmission patf^ 
same power as that at the actual operation time. 

In step 212, in a state where the pumping light Lp is not supplied to the optical 
transmission path 202, respective powers of the output signal ligiit Ls divided into three 
wavelength blocks are measured by the output light monitoring section 220. Then, 
using the input power of the signai light Ls m step 211 and the measured signal light 
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average output power, average losses U , La and U in the optical transmission path 202 
corresponding to the respective wavelength blodcs are caicuiated. 

In step 213, the pumping light sources 21 1-1 to 2l1-n are driven for each group 
corresponding to each wavelength bloclc. and the signal RgM average output pov^ 
each waveler^ block is measured. Here, the pumping light powers corresponding to 
the respective wavelenglh blocks are Ppi,Pp2 and Ppg. Then, aoonection valueofthe 
ASS light power corresponding to each of the pumping light powers Ppi. PpaandPpsis 
calculated by the ASS light calculating circuit 233. and the calcuiaiion result is 
transmitted to the pumping tight power calculating drcuit 238. In the pumping light 
power calcuiaBng circuit 238, in accordance with the conection value calculated by the 
ASS light calculaling drcuit 233, the correction of the ASS light component is performed 
on the signal light average output power of eaCh wavelength block measured by the 
output light rrwnitoring section 220. Here, the signal light average output powers 
subjected the ASS light correction, are Psi. Ps2 and Ps3. These signal light average 
output powvers Psi, Ps2 and Psa can be expressed by a relationship shown In the next 
(2.9) formula, using the punr<plng light powers Ppi. Pre and corresponding to the 
respective wavelength blocks and the losses U U and U cakxilated in step 212. 



A A A P 

^^11 12 13 PI 

^^21 ^^22 ^^23 ''P2 

.^31 ^32 ^aajupsj 



...(2.9) 



Accordingly, by giving the respective values obtained by the above measurement to 
(2.9) fbrmula, a matrix composed of a proportional coefficient Ag 0, ] - 1. 2, 3) 
conesponding to each wavelength triock is obtained. 

In step 214, an inverse matrix of the matrix composed of the proportional 
coefficient A| obtained in step 213 is calcuIalBd, to lead out a lelattonai e)q3ressk>n for 
calculaiing the pumping light powers Pn. Pre and Ppa necessary for realizing desired 
signal light average output powers P$i, Ps2 and Psa as shown in the next (^10) fomiuia. 
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For examrte. if the Signal Hghl average ojtputpow©^ Psa and Psa have the same 
value In the above (2.10) fbmiula, it becomes possible to obtain the setting value of the 
pumping Btfrt power oorresponding to each wavelength block, tfiat is neoessaiy for 
flattenlngihe wavetengihcharadBiisticaf the Raman amplified signal light Ls. 

In step 215. for (2.10) fbmiula, a proportional coefficient considering the inter- 
pump Raman effect is obtained. That is, the proportional coefficient A| is a gain 
coefficient for each wavelength block, but does not include the irterijump Raman effect 
Since the Raman amplification is actually perfomied by driving simultaneously the 
pumping light sources corresponding to a plurality of wavelengths blocks, It is necessary 
to obtain a gain coeffidert considering the inler-pump Rarnan effect Therefore, the 
purnping light powers Ppi, Ppa and Pra of the respective wavelength blocte are o^ 
in aooordanoe with (2.10) formula shown In the above, to supply tfie pumping tight 
oorrespondirKi to all of the wavelength blocks in the power setting described above, to 
the optical transmission pafri 202. Then, tfie power of the pumping light corresponding 
to all of the wavelenglh bkjcks is changed by 1 0mW. for example, and a change amount 
of the signal fight average output power relative to the cfiange amount of Vrte pumping 
light power, is measured. By this measurenrtent, as sfiown in tfie next (2.11) formula, a 
proportional coefficient Bj (i. j - 1 . 2, 3) expressing a relationship of tfie change amounts 
APsi, APs2 and APsa of the signal light average output powers to the change amounts 
APf»i, APte and APr^ of the pumping light powers, is obtained. 
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In stop 216, an inverse matrix of a matrix composed of tfie proportional 
coefficient Bj obtained in step 215, is cakxilated, to lead out a relational expression 
considering the inter-pump Raman effect as shown in (Z12) fomruia. 
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To be spedftc, the reduction of wavelength charaderistic deviation of . the Fteman 
amplified WDS signal I'^ht means that, as shown in RQ. 1 9 for example, the signal light 
average output powers P$i. Psz and Psa corresponding to tfie respective wavelength 
blocks B1,B2 and B3 approach a desired target power level Pso. If differences Ijehween 
the Signal ugtrt average output powers Pst, Pas and Psa, and the taiget power level Pso 
are APsi. APsz and APsa differences of the pumping light power necessary for making 
up the differences APst , dPsz and APss are APp, , APr. and APps. 

In step 217, the correction of the setting values of the pumping light poweis 
calculated using (2.12) fonnuia and the measurement of the signal light average output 
powers Psi. Psa and Pss are repeatedly performed untH the diff»ences APp,, AP^ and 
APpsoonverge. 

By perfbrming the series of processing shown in Step 211 to step 217. based on 
the nwasurement result using the optical transmission path a02 to be actually used, the 
setting values of the pumping light powers for obtaining the output signal iight Ls having 
the desired wavelength charadertstte are obtained. Such calculation processing of the 
selling values of the pumping light powers can be executed before starting the operation 
of the present i=laman amplifier, to stona the calculation result in a memory or the like. 
Further, it is also possible that the calculation processing of the setting values of the 
pumping light powers Is executed after starting the operation, and then tiie wavelengtti 
charEK^tertstic of the output signal tight Ls B oantroBed sequentially^ 

As described m the above, according to the Raman amplHier of the embodiment 
2-3, before starting tiie operation, the oonection value of the ASS light power is 
caicuiaied in accordance vwilh the modeling formula for vAMh the ooefiicient is 
determined using the optical transmissfon patii 202 to be actually used, and using the 
conieclion value, the setting value of the pumping light power corresponding to each 
wavelength block is calculated. Thus, it becomes possible to execute reliably the control 
of the wavelength characteristic of the output signal light Ls with excellent accuracy. 
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Note, in the embodoiient 2-3, iheie has been shown the configuration example 
in which the pumping light power caiculab'ng circuit 238 is provided instead of the AIjC 
circuit 234 and the shutdown circuit 235. However, it is surely possible that the ALC 
drcuit 234 and the shutdown circuit 235 are provided as weU as the pumping light power 
caiodating drcuft 238. to perform the respective controls simultaneously. Further, 
similarly to the embodiment 2'2 shown in RG. 16, it is also possible to apply the Raman 
amplifier of the embodiment 2*3 to the optical amplification system in which the Raman 
amplifier and the EDFA are cascade connected. The apparatus configuration in this 
case is shown in RQ. 20. 

Next, an embodiment 2-4 of the present invention will be described. 

RG. 21 is a diagram showing a configuration of an optical tansmissicxi system 
according to the embodhient 2-4 of the present Invention. 

The optical transmission system of RG. 21 is constituted such that, in a system 
transmitting a WDM signal light from a signal light transrnlsslon apparah^ 
signal light reception apparatus (OR) 207, the above described Raman amplifier, in 
which the correction processing of trie ASS light power is performed, is applied to a 
plurality of optical repeaters 208, which are anar^ed required nspeating inten/ais on the 
optical transmission path 202 connecting the signal light transmission apparatus 206 
and the signal light reception apparatus 207. 

Here, eadi opfcai repeater 208 comprises the cascade connected Raman 
amplification unit 201 and EDFA module 203 as in the embodiment 2-2. Further, in the 
latter stage EDFA 203, the WDI^ signal light is demuKptexBd to reqMired wavelength 
bands by a demultiplexar 241. and the demultiplexed signal lights are amplified by 
EDFAs 242A and 242B conespondlng to the rsspecttve wavelenglh bands, rsspedTvely, 
to be multiplexed by a mult^ilefxer 243. Moreover, demultiplexers 244A and 244B each 
taking out a subsidiary signal light (OSC) transmitlBd together with the signal light from 
the former stage optical repeater 208, are ananged before the EDFAs 242A and 242B 
conespondlng to the respective wavelength bands, and multiplexers 245A and 245B 
multiplexir^ the subsidiary signal lights to be transmitted to the latter stage optical 
repeater 208 are arranged after the EDFAs 242A and 242B. A control circuit 250 is 
provided with, in addition to tfie funcAbns corresponding to tlie CPU 204 and the 
memory 205 in the embodiment 2-2, a function of receiving the subsidiary signal light 
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from the former stage opticai repeater 208, \Mhteh is taken out each of the 
demultiplexers 244A and 244B, and a function of generating a subsidiaiy signal light to 
tie transmitted to the latter stage optical repealer 208. to output to each of the 
multiplexer 245A and 245B. 

In the optical nansmission system as described in the atx»/e, utflizing the 
sutjsidiary ^nal l^ht, which is trsmsmitted together wi^ tlie a'gnal light, for controlling 
each optical repeater 208, timing of the coefficient creating proces^ng for corrective 
calculation of the light in the preparation stage tiefore starting the operation and of 
the setting processing of the pumping light power as described in tt« above 
embodiments, is nofified to each opticat repeater. 

As a specific process of field adjustment using the subsidiary s^nal light, for 
^cample, if the assembling of the optical tTEmsmlsslon system has been completed and 
a povwer source of the entire system is turned on, an operation confirmatfon is made as 
to wfiether or notthe subsidiary signal light e nomnally transmittod between each optical 
leprater 208. Then, tfie operation of the sidssidiary signal light Is oonfirmed, the 
coefficient creating processing for corrective calcutalion of tfie ASS light Is executed In 
the first stage optical repeater 208 closest to tfie signal light transmission apparatus 206. 
When the ooeffident creating processing is completed, the subsidiary s^nal li^ for 
notifying the oompletlon of the coeffidem creating processing is transmitted to the I 
stage (second stage) optical repeater 208. In the second stage optical repeater 208, 
wfien tfie reception of tfie subsidiary signal light from the first stE^e optteal repeater 208 
is confirmed, the coefficient creatir^ processing for connective calculation of the ASS light 
is executed. In the similar manner to the above, in each of the succeeding optical 
repeaters 208, the coefiident creating processing is e)«culedsequentiafly. Tfwn. wfien 
the coefficient creating processing is completed in aH of tfie optical repealers 208, signal 
flgfits of an waveleng^ itees In the signal light transmission apparatus 206, and the 
WDM Signal Wglta obtained by wavelength division multiplexing the respective ^nal 
Kghite is transmSied to tiie opticaltransmission path 202. 

When the start of transmission of WDM signal light from the signal light 
transmission apparatus 206 to the optical transmissbn path 202 is notified to the first 
stage optical repeater 208 means of tfie sub^lary signal light, in first optical 
tBpeater 208, the calculation processing of the setting vali» of each pumping light 
power executed. Then, when ifie pumping light power setting value is calculated, the 
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Raman amplification unit 201. and the EDFAs 242A and 242B of Vne respective 
wavelengtiil)ands in tlie first siage optical repeater 208 are started up When the start 
up of the first stage optical repeater 208 is completed, the sutisidteuy signal light nc%ing 
the completion of the start up is transmiUed to the latter stage (second sta^) optical 
repeater 208. Also, in the second stage optical repeater 208 received tfie sutDSidiary 
signal Dght. the calculation prooesstng of the pumping light power setting value and the 
start up of tfie optical amplifier, are ei^cuted. In the similar manner to the above, in 
each of the succeeding optical repeaters 208. the calculation processing of the pumping 
llgtit power seHing value and ttie start up of tiie optical amplifier, are ^cecuted 
sequentially. Then, wt^en tiie calculation processing of the pumping light power setting 
value tias tieen completed in all of ttie optical repeaters 208, tlie field adjustment betom 
starting tfie operation is ended. 

As described in the aixve, aooording to the optical transmission system of the. 
emtxxliment 2-4, utilizvng tiie subsidiary signal Hght. tfie titling of e)cecuting the field 
adjustment processing before starting the operation is ratified among the piuraliiy of 
opHccd repeaters 208 arranged on tfie optical transmission path 202 b^ween tiie signal 
transmission apparatus 206 and the signed light reception apparatus 207, Thus, it 
twcomes possible to perfoim smootiily the field adjustment in tfie entire optical 
transmission system. 

Note, in tiie embodiment 2-4, tiiere has been shown the example of the optical 
repeater provkJed witti tile R^ffnan amplifier and tfie EDFA. However, the present 
Invention is not Ivnited ttiereto. and can be applied to such an optical repeater 
constituted to am|:4iiy a WDM signal only by a Raman amplifier. Furtiier, in tfie above 
example, in tfie state where the WDM signal light is demulti(^e9«d to the respective 
wavelengtii bands by the EDFA nxxiule 203 in tiie optical repeater 208, ttie leoeplion of 
tfie subsidiary signal light from the former stage optical repeater 208 and tfie 
transmission of the subsidiary signal light to ttie latter stage optical repeater 208 are 
perfbrmed. However, ttie reception and transmission of the subsidiary signal light can 
be perfonried at art^trary posUons in tiie optical repeater 208. 



Next, an ^ribodinrient 3 of ttie present invention vvill be descnl^ 
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FIG. 22 is a block diagram showing a basic configuration of an optical amplifier 
provided with a connecting loss detecting function aooording to the embodiment 3 of the 
present invention. 

As shown in RG. 22, aooordmg to the basic configuradon of the embodhtent 3, 
the optical amplifier supplying a pumping tight Lp generated in a pumping unit A to an 
opdcal ampiificadon medium B to amplify a signal Tight Is, comprises: a connecting loss 
measuring section C that inputs the measuring light Lm, which is different from the 
signal light l-s, to an optical path between the pumping unit A and the optical 
amplification medium B, and based on a reflected light and a badoward scattering light of 
thie measuring light Lm. which are generated in the optical path, measures connectir)g 
losses at one or more connecting p(^nts existing on tiie optical path; and a control 
section D that controls ttie su(H>ty condition of the iximping light Lp by ttie pumping unit 
A according to the connecling losses measured by the connecting loss measuring 
sectionC. 

RQ. 23 Is a blodc diagram showing a ^)ecific €»(ample of the basic oonfiguraUon 
ofRG.22. In tiie specific eoGBornple of f=IG. 23, an optical arnplifier of an embodirnent 3^^ 
comp ri ses: a pumi^ light source 310 and a WDM coupler, as tfie pumping unit A In 
the basic configuration of RG. 22; an amplification fiber 320 as the optical amplification 
medum B 'm tiie basic configuration of RG. 22; a pulse light source 330, a WDM 
coupler331, an optical titter 333, alight receiving element (PD) 334, a signal processing 
circuit 335 and a pseudo fto&r 336, as ttQ connecting loss measuring section C in the 
basic configuration of RG. 22; and a control circuit 340 as ttie oontioi section D in ttie 
basic configuration of RG. 22. 

The pumping i^ht source 31 0 generates the pumping light lp capalsle of Raman 
ampli^ng the signal li^ Ijs b^ng propagated tiirough the amplification fber 320, to 
output it to tiie WDM coupler 311 . A wavelength of the pumping light source 31 0 Is set 
so as to oonespond to the wavelength t)and of tiie signal light Ls. To be specific tiie 
central wavelengtti of the pumping light Lp is set within a range of 1450nm band, which 
is shifted by about 100nm to a shorter wavelengtti side relative to the ^nal light Ls of 
1 550nm band, for example. Note, the respective wavelengtfis of trie signal light Ls and 
the pumping light Lp in the present invention are not limited to ti^ above, arvl ft is 
possible to apply tiie wavelengtii setting in a loiown Flaman amplifier. 
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The WDM coupler 31 1 supplies the pumping light Lp output from the pumping 
light source 310 towards the ampTriicalion fiber 320. Here, the pumping light Lp Is 
propagated through an optical path connected from the WDM coupler 311 up to the 
amplification fiber 320 via the pseudo fiber 336 (hereunder, to be refened to as an 
optical path to be measunad). in a direction opposite to the propagation direction of the 
signal light Ls. Further, the WDM coupler 311 transmits the signal light Ls sent fifom the 
ampllRcation fiber 320 via the pseudo fiber 336, to the WDM coupler 331 on an output 
^de, and also transmits a measuring l^ht (optical pulse »'gnaO sent from the WDM 
coupler side, to the amplification fiber 320 side. Note, three ports of the WDM coupler 
311 are fusion connected with the respective optical paihs. 

The amplification fiber 320 is connected at one end ttwreof with one end of fiie 
pseudo fiber 336 via an optical connector CI of PC connection type, arxl input with the 
signal light Ls via the other end thereof. As the amplification fiber 320, for example, 
there is used a transmission path fiber such as a single rnode fiber or tlie like, a Rarnan 
amplificaAion fiber or the lito with a high nonRnear coeffiderit 

The pulse ligjht source 330 is fbr generating the measuring light Lm, which is 
used for measuririg ttie loss distribution in a longitudinal direction of the optical path to be 
measured, utilizing the optical time domain reflectometry (OTDR), to output the optical 
pulse signal as siiown in RG. 24. for example, as the measuring light Lm. No^, in RQ. 
24. there is shown an ^cample in which tiie pulse wkith of the optical pulse signal is set 
to 10ns, and the pulse interval thereof is set to 200ns. l-lowever. ttie setting of the 
optical pulse skinal s not limited Itiereto, and appropriate values may be set according 
to a distance of the q^tical path to be measured (in the above setting example, 20m is 
assumecl). Funher. a wavelength of the optical pulse signal is praferable to be set in a 
band diffiererit from tliewBvelerigth bands of the signd light Ls aidihe pumfwig light Lp, 
80 as to enable the distinction of the optical pulse signal fi«n the signal light 13 
pumping Hght Lp. Specffically, for example, it is possible to sat tiie wavelength of tiie 
optical pulse signal to 1 41 Onm or the lil«e, relative to the wavelengtii setting of tiie signal 
light Ls and tiie punqping Hght Lp. 

Tiie WDfA coupler 331 has a waveiengtii transmission diaracteristic among 
ports pi to p3 as shown in RG. 25, fbr example, and transmits ttie measurirKj light l-m 
sent to tile port p3 from the pulse light source 330 via a branching coupler 332, to the 
port 1 oonrected up to the WDM coupler 31 1 sida The WDM coupler 331 is input with, 
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at the port pi . the signal light is sent via the WDM coupler from the optical path to be 
measuied, and the reflected light and backward scattering light (hereunder, to be 
described as a refflected scattering light U) of the measuring light Lm output from the 
port Ito be propagated towards the optical path to be measured, to output the signal 
light Lstoihe port p2, and the neflectad scattering Dght Lr to the port p3. 

The branching coupler 332 tranches Itie reflected scattering light Lx output from 
the port p3 of the WDM coupler 331. to send the branched light to the optical fitter 333. 
The optical fitter 333 is a narrow band bandpass filter having a transmission central 
wavelength aii^roximately coincident with 1410nm or ttie like corresponding to a 
wavelength of the reflected scattering light Lr, that Is, the wavelength of the optical pulse 
signal. In this optical filter 333. a noise light other than the reflected scattering light Lr 
oontained in the light branched by the branching coupler 332. Is eliminated. Tlie light 
receiving elennent 334 receives the reRected scattering light Ij- passed tiirough the 
optk»l filter 334 to photo^lectricall/ corwert it, and outputs a signal ilie level of wh 
changed according to the power of the reflected scattering light Lr. to the signal 
processing dtcuit 335. 

The signal processing drcuit 335 obtains the loss distribution In the tongitudlnal 
directkx) of the optteal path to be measured, based on tfie output signal from the light 
receiving etemerrt 334, and detects a connecting loss at a connecting point existing on 
the optical path to be measured, to output the detection result to the control circuit 340. 

The peeudo fikier 336 is an optical fiber witii required length disposed for 
nanowing a region (dead zone) in which the k>ss distribution is unable to be measured In 
a measuring system utiKzing tiie optical time domain refiectometry, and is arranged 
i3etween tile WE)M coupler 311 and tfie amplification fiber 320, twra. Note, tiie optical 
tbrte domadn rsfleciometry and tiie dead zone will be described laier. 

The control drcuit 340 Judges, according to the output signal from the dgnal 
processing dtcuSt 335, wtiettier or not tiie connecting loss at tiie connecting point is a 
l^eviou^ set threshokJ (tor example, LOdBorlhe like) orabove, and if the connecting 
loss is the threshdd or above, controls a drive condition of tfie pumping light source 310 
so tiiat tiie supply of the pum^Mng light Lp is stopped or reduced to a predetermined 
power level or less. 
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Here, the summaiy of the optical time domain leflectometiy (OTDR) is described. 

The OTDR is wideiy utilized as one method for measuring the loss distritx^n in 
a longitudinal direction of an optical filaer. RG.26 8how8an«(amplaofafyI^OrDR 
measuring system. In this CHDR rneasuring ^stem, an optical pulse signal generated 
in a pulse light source is input uito a device to be measured (DOT), and a reRected 
scattering tight (a reflected light and a backward scattering light) of the optical pulse 
signal is branched by a branching coupler to be photo-electiicall/ converted. In a signal 
processing drcuit, a reflectbn amount generated in the device to be measured is 
detected according to an output signal from a light receiving element, and also a position 
of reflecting point is detected based on a time delay of the reflected scattering light to the 
optical pulse signal. As a result, the loss distribution in the device to be measured, is 
measured. 

R>r example, consideration is made on the case where the loss distribution Is 
measured by applying the OTDR measuring system as described above to the typical 
Raman amplifier as shovm in RG. 42. a rneasurernem result as shown in (B) of HG. 27 
can be obtakied for a configuration of measuring system sfKTwn in (A) of RG. 27. Note, 
It Is assumed here that a pumping unit 410 and an amplification fiber 413 are PC 
connected via two optical connectors4l4Aand4l4B. 

To be specific, in the nneasurenient result of (B) of RG. 27, heights of respective 
peaks indicate respective reflection amounts in an optical conr»ctor 500A. a WDM 
coupler 412. and the optical connectors 414A and 414B, which are an-anged 
sequentially in a longitudinal direction of an optical fiber connected with the OTDR 
measuring system 500. Furtfier, an indbiation of the reflection amounts represents a 
Rayleigh scattering ooeffident of a fiber to be measured. When such loss distribution is 
ot^ned. the connecting loss In each of ttie optical oonnectors 414A and 414B 
portioned at a rneasuring poirn ^icirded by a dotted line in (A) of RG. 27 can be led out 
based on a difference between reflection amounts before and after the corresponding 
peak 'tt\ (B) of RG. 27. In detail, tfie difference tsetween tt» reflection amounts before 
and after the peak conesponds to twice the connecting \os& in each of the optical 
connectors 414A and 414B. 

In the measurement of loss distribution utilizir^ tf>e OTDR as described above, 
there is a possibility that saturation occurs in an electrical system if the large reflection is 
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caused in the vidntty of an biput end of the fiber Id be measured. Therefore, a dead 
zone vvhete the rnea»jiernerit of loss distnbution be(x>^^ 

a region. The length of this dead zone is determined aooordnng to the pulse width of the 
optical pulse signal. Rht example, if the pulse width is set to 10ns or less, the dead zone 
has the length of about several meters. In order to avoid that the n^asurement of loss 
distribution beoomes unable m a desired measuring point, due to the generation of such 
a dead zone, in the optical amplifier of the embodiment 3-1. the pseudo fiber 336 is 
inserted between the WDM coupler 311 and the ampiification fiber 320. 

Next, an operation of the optical amplifier according to the embodiment 3-1 wiH 
be described referring to a flowchart of RQ. 28. 

When the present optical amplifier is started up at the initial installation time or 
the opeiaiion starting time, the optical pulse signal of waveform as shown in FIG. 24 is 
geneiated in tf)e pulse nght source 330, to be output as the rneasuring light Lm (8311 In 
The ineasuring fight Ijn passes through'ttiebranchbig coupler 332 to be ir^ 
to the WDM coupler 331, and sent to the optical path to be measured, which Is 
connected up to the amplification fiber 320 (S312}. The measuring 1^ Lm Is 
propagated through the optical pam to be rneasured, towards the amplificatkm fiber 320 
so that the reflected scattering light Ir composed of the reflected light and badcward 
scattering light of the measuring light Lm, is generated In the optical path to be 
measured (8313). 

The reflected scattering light Lr is taton out by tlie WDM coupler 331 and the 
branching coupler 332. to be sent to the optical fitter 333. Ttie refflected scattering Tight 
passed through the optical filter 333 is received by ttie light receiving element 334, arxj 
the power thereof Is detected (8314). The.dgnal indicating tfie detection result in tfie 
fight leoeivii^ element 334, is sent to tfie sgpal processing drcuit 335. to t» subjected 
to the processing in accordance with the OTDa Thus, the loss distribution in the 
longitudinal diiedion of the optical path to be measured is obtained and the connecting 
loss in tfie connecting point (in tfie configuration of RQ. 23, tfie optical connector CI) 
existing on the optical path to be measured is led out (S31 5). 

The connecting loss led out by the signal processing drcuit 335 Is transmitted to 
the control drcuit 340, wfiere it is judged whetfier or not tfie connecting loss readies the 
previously set threshold or above (831 6). In the case wfiere the connecting loss is less 
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than the threshold, it is Judged that a good cx)nnectbn condition of the optical connector 
C1 is realized, and the supply of the pumi^ light Lp from the pumping fight source 340 
to the ampfificalion fber 320 is started at the power level in the normal operation time. 
On the other hand, in the case where the connecting loss reaches the threshold or 
above, it is ^ged that the optical connector CI is in an insufficient connection oondifion 
where the breakage or the like of the opikal fiber due to the FF phenomenon may occur, 
the supply of the pumping light lp is stopped or reduced to the predetermined power 
level or lower, and also the warning indicating that the connection condition of the optical 
connector C1 i5abnomialisoulput(S317). 

As described akx)ve, according to the optical amplifier of the embodiment 3-1 , 
the connection condition of the optical connedor C1 existing between the pumping unit 
and the amplification fiber is supervised by the OTDR measuring system using the 
measuring light Lm different from the signal light Ls. Tlius, ft becomes possible to 
perfbim not only the detection of the detachment of the optical connector as in the 
conventional technique but also the accurate detection of the abnormality in the 
connection condition cf the optical connector CI , vvhich leads the breakage (rf t^ 
fiber due to the FF phenomenon, thereby reliably enabling the control of the power of 
the pumping fi^ Lp passing through the optksl connector C1 . 

Next, an ernbodirnerit 32 of the present invention win be described. 

RG. 29 is a bk)ck diagram showing a configuration of an optical amplifier 
provided with a oormecting k)ss detecting furictnn of the mikxxlinnerit 3-2. 

In RG. 29, the optical amplifier of tine present embodiment is constituted such 
that a configuration utilizing tiie optical frequency domain reflectometry (OFDR) Is 
adopted as ttie oinnecdng loss rneasuring section C in tiie basic conligutation shovwi in 
FIG. 22. To be specific tlie connecting toss is measured by a measuring system 
comprising a frequency sweeping light source 350, a l3ranchlng coupler 351. a WDM 
coupler 352, a leceiver 353, an FFT drcuit354 and a signal processing dnxiit355. 
ftote, the configurations corresponding the pumping unit A, the optical amplification 
medium C and ttie control section D In tf^ basic configuration of RG. 22 are tfie same 
as those in ttie embodirnerit 3-1 , arid tfierefore tfie descriptioris tfiereof are omitiBd here. 
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The frequency sweeping Hght source 350 is for generating a measuring Kght Lm 
of wtiicfi frequency Is linearly swept In temponad. It is possible to use, for example, a 
three electrodes DFB laser, as the frequency sweeping light source 350. In the case 
where the three etectrodes DFB laser is used, a modulated voltage is applied to 
electrode, so that the frequency of the measuring 1^ Lm can be changed Dnearly Id 
lime. The sweeping width of the frequency is a parameter for determining the spatial 
resolution in the measurement, and for example, in cider to obtain the spatial resolution 
of I0cm, it is necessary to sweep the frequency at 1GHz. A wavelength of the 
measuring light Lm output from the frequerxy sweeping light source 350 is set in a t>and 
different from the wavelength bands of the signal light Ls and the pumping light Lp. so as 
to enable the distinction of the measuring light Lm from the signal lighit Ls and the 
pumping light Lp. Specifically, the wavelength of tfie output measuring r^ht Ixn can be 
set to I4l0nm band or the like, relative to the signal light Ls ol 15S0nm band and the 
pumping light Lp of 1450nm band, for example. 

Tbe Ixanching coupler 351 branches tfie measuring ligfit Lm output from Hie 
frecyjency sweeping Hgtit source 350 into two, to output a meaairlng ligitt Lm' to a port 
connecied up to the WDM coupler 362, and a reference iigtit Lref to a reference port 
(open port). Further, the branching coupler 351 multipie9«es a reflected scattering light Lr, 
composed of a reflected fight and a t^ackwanj scattering light of tfie measuring light Lm', 
with a reflected light of the reterence light Lief, to generate a beat signal light lb, and 
outputs the beat signal light Lb to a port connected up to the Hght receiver 35a 

Tiie WOM coupler 3S2 has a wavelength transmission ctiaraderistic the same 
as that of the WDM coupler 331 used In the embodiment 3-1 (refer to RQ. 25), and 
transmits tfie measuring light Lm' sent from tfie txanching coupler 351 to the WDM 
coi4>ier 311 side, and also demult^l^oes the reftected scattering Iigtit Lr of tfie 
measuring Iigtit Lm', being propagated ttvough tfie optical path to be measured, from 
itie signal light Ls being propagated In the same direction, to output 4ie demult^f}leNed 
light to the t>rancliing coupler 351 side. 

TTie light receiver 353 receives the Iseat signal light Lb sent from thie branching 
coupler 351 . to output a photo-electrically converted electric signal to the FFT circuit 354. 
Note, tfie light receiver 353 may be provided witti an optical filter efimffialing a noise light 
other tfian Ifie beat signal light Lh, similariy to the embodim^ 3-1 . 
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The FFT dfcult 354 is for peribrming the high speed Fburler tiansfbiTn on the 
output signal from the light receiver 353, to output the calculation result to the signal 
processing circuit 355. The signal processing circuit 355 otitains the loss distritxjtbn in 
the tongitudinal direction of the optical path to be measured, based on the output signal 
from the FFT drcuit 354, and detects the connecting loss at the connecting point exis^^ 
on the opfical path to be measured, to output a ^gnal Indicating ttie ctetedion result to 
the ooitrol dicuit 340. 

Here, the summaiy of the cpticai frequency domain refleclDmetiy (OFDR) wiD be 
described. 

The OFDR is krown as one method for measurir^ the loss distribution in a 
longitudinal direction of an optical fiber, as weO as the OTDR described In the 
embodiment 3-1 (refer to M. WegmuUer et al., "Distributed Qain Measurements in Er> 
Doped Fibers with High Resolution and Aocurec/ Using an Optical Frequency Domain 
Rettectometer'. Journal of Lightwave Technology. Vol. 18, No. 12, pp21 27-2132. 
December, 2000; and J. P. vonderWeid etal., "Onthe ChaiaderizaHonof Optical Rber 
NehMDric Components witti Optical Frequency Domain Refiactometr/, Journal of 
Ughtwawe Technology, VoL 15. No. 17. pp.1 131-1 141 , July, 1997). 

In this OFDR, diflierentiy from the OTDR d^cribed above, a dead zone is not 
generated, and therefore, it is possit}le to measure the loss distribution in the vidnity of 
an input end of a fber to be measured. However, in this OFDR. «nce the coherency of 
a refiedBd light should be kept, a Pleasuring distance becomes shorter to about seve^ 
tens meters, compared with the OTDR capable of measuring over the m^mum 
several hiunckedskflometers. 

no. 30 is an example of a known OFDR measuring system. In this OFDR 
measuring system, an output light from a frequency sweeping light source is branched 
by a branching coupler to a measuring light end a reference light, and th^, the 
measuring light is input to a device to be measured (DLTT) and also tt^ reference light is 
given to a reference port Then, respective reflected lights of the measuring l^ht and the 
reference Hght are muifiplexed by the brandling coupler to generate a beat signal light, 
and the beat signal light is photoelectricaily converted by a ligiit receiver. At this ttfne, a 
frequency of the converted beat signal light is proportional to an optical path difference in 
respective refiecdng points of the measuring light and the reference light Therefore, by 
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perfbrming the high speed Fourier transform on the intend of an output signal from the 
Hght receiver by an f=Fr drcuit, the loss distribution in the device to be measured, is 
measured. 

In the case where the loss distribution !n the epical Raman amplifier shown in 
RG 42 is measured by applying the OFDR measuring system, a measurement result 
similar to that shown in RQ. 27 can be obtained, and based on the loss distribution, it 
becomes possible to lead out a connecting loss in an optical connector positioned on a 
measuring point 

Nexti an operation of the optical amplifier according to Vne embodiment 3-2 will 
be descrBaed refening to aflowchait of RG. 31 . 

VVhen the presem optk^J arnplifler is started L4> at the tnMai Instedlatf^ 
the operation starting time, the measuring light Lm, the frequency of which is swept in 
the liequency sweeping flght source 350. is generated, to be output to the branching 
coupler 361 (S321 in RQ. 31). The measuring light Lm is branched by the brancNng 
coupler 351 to the measuring light Lm' and the lefeience ligftt Ijef. and then, the 
nieasuring Hght Lm' is sent via the WDM coupler 352 to the optical path to be nrieasured, 
which is connected up to the amplification fiber 320, and the reference light Ijef is sent 
to the rBference port (S322). Then, the measuring light Lm' is propagated through the 
optical path to be measured* towards the amplification fiber 320, so that the reflected 
scattering light Is composed of the raflected l^ht and backward scattering light of ihe 
measuring li^ Lm' is generated in the optical patt^ to be measured (S323). Fur^r, 
svnultaneously with this, ttie refierefx:e light Lief is reflected by an open end of the 
reference port to be returned to the bianching coupler 361. 

The reflected scattering light Lr of the measuring light Lm' and the reflected nght 
of the lelerenoe light Ijef are rnultiplexed In the branchir^ coi4^ 351 , to ge^ 
beat signal light Lb ^324). The beat signal light Lb is sent to the light receiver 353 to be 
photo-electrically converted (S325), and further, the output signal of the light receiver is 
sent to the FFT drcuit 354 to be subjected to the high speed Fourier transform 
The signal indicating the calculation result in tiie FFT drcuit 354 is sent to tiie signal 
processing circuit 355 to be subjected to the required processing, and the loss 
distribution in the longitudinal direction of ttie optical paUn to be measured is obtained. 
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thereby leading out the connecting loss in the opticai connector Cl esdsting on the 
optical path to be measured (S327). 

The connecting loss led out lay the signal processing circuit 355 is transmitted to 
the control clicuit40, where it is Judged whether or not the connecting loss reaches the 
previousty set threshold or above (S328). If the connecting loss is less than the 
threshold, the supply of the pumping Sght Lp at tlie power level in the normal operation Is 
started, while if the connecting loss reaches the thrashoM or above, the supply of the 
pumping light Lp is stopped or reduced to the predetermined power level or less, and 
also the warning Indicating the abnormality of connection condition of the optical 
connector Cl is output (S329). 

As described above, according to the opticai amplifier of the embodiment 3-2. 
ev»i in the case where the connection condition of the optical connector Cl exiaflng 
between the pumping unit and the ampHfication fiber is supervised by the OFDR 
nrteasuring system, it is possible to otstain an efiiect similar to thai in the ertibo^ 
Further, in addition to the above effect, comparing with the case where the CTDR 
rneasuiir^ system Is appHed, since the dead zone Is not generated, Itiere Is no longer 
necessary to provide the pseudo fiber, and also a wide dynamic range and the high 
spatial resolution can be oblsdr^. Therefore, the connecting loss can be measured 
with higher accuracy, and tlius it beconries possible to reliably control the purnping W 
source. 

Next, an embodiment 3^ of the present invention win be described. 

FIG. 32 is a block diagram showing a Gonfiguration of an optical amplifier 
pro^Med with a correcting loss detectir^ function h the emtx)dirTierit 3-3. 

In FIG. 32, the optical amplifier of the embodknent 3-3 is an applteation example 
in which, for example, In the optical evnplifier of the emlxxlfrnent 3-1, a Raman 
amplification pumping light source is utilized as the pulse light source for gerterating the 
measuring light Lm. To be specific, the present opticai amplifier Includes: as the 
pumping unit A shown In RG. 22. a plurali^ (here, for example, four) of pumping light 
sources 310A, 310B, 310C and 310D; a polarization beam multiplexer 312A 
multiplexing pumping lights output from the pumping light sources 31 OA and 31 OB, and 
a polarizatfon beam mult4>te«er 31 2B multipiexing pumping lights output from the 



52 



pumping light sources 310C and 310D; a WDM coupler 314 further multiplexing 
respective pumping lighte sent from the polarization beam multlplexeis 312A and 312B 
via optical isolalors 313A and 313B. respectively; and the WDM coupler 311 giving the 
pumping light I4J sent via the branching coupler 332 from the WDM coupler 31 4, to the 
optical path to be measured. This qstical amplifier pulse drives one of the four pumping 
light sources 31QA to 310D (here, the pumping Tight source 310D), to generate the 
measuring light Lm of pulse wavefbim as shown in RG. 24, thereby measuring the 
connecting loss by the OTDR method. 

By measuring the connecting loss utilizing the pumping light source 310D as 
described above, the wavelength of the measuring light Lm coincides with the pumping 
fight wavelength. Therefore, as the branching coupler 332 and the optical filler 333. 
which extract the reflected scattering light Lr of the measuring light Lm, the ones having 
characteristics corresponding to the pumping light wavelength are used. Mole, the 
txxnponents other than the above era similar to those in the embodiment 3-1. and 
therefore the descriptions thereof are omitled here. 

In the optical amplifier of the above configuralion, at the initial installation tirne ^ 
the operation starling time, the pumping light source 310D among the respective 
pumping Bght sources 31 OA to 31 OD which are continuously driven (CW drive) at the 
normal operation time, is pulse driven, and the other pumping light sources 31 OA to 
310D are stopped. At this time, the measuring light Lm output from the pumping light 
sourc3e 31 OD passes through ttie polarization beam rrujltiplexer 31 28, the optical isolator 
313a the WDM coupler 314, the branching coupler 332 and the WDM coupler 31 1 , in 
ttiis order, to be sent to the optical path to be measursd. TTien, the raflected scatlerir^. 
light Lr of the measuring fight Lm. generated in the opticai palh to be measuied, is 
received by the light receiving element 334 via the WDM coupler 311, tiie branching 
coupler 332 and the optical titer 333, and ttie electric ^gnalwhk:h is changed accorcftig 
to the power of the refiecied scattering light Lr is serit to the signal processing drouit 335. 

In the signal prcx»ssing drcxiit 335, simllariy to the embodiment 3-1, based on 
the output light from the l^ht receiving element 334. the loss distritxJtion in the 
longitudir^ direction of ttie optical path to be measured is obtained, ttie connecting loss 
of the optkal connector C1 existing on the optk^ path to be measured. Is led out, and 
ttie result thereof is transmitted to ttie control circuit 340. In the control circuit 340. if tfie 
connecting loss of the optical connector Cl reaches the threshold or above, the 
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pumping light sources 31QA to 310D are stopped or the like, and also Ihe warning 
notifying the abnonnallty In connection is output On the other hand. If the connecting 
loss is less than the threshold, the pumping light source 310D that has been puise 
driven, is switched to tlie CW drive, and at the same lime, the CW drive of each of the 
other pumping light sources 310A to 310C is started. Thus, the output lights from the 
respective pumping light sources 310A to 310D that are CW driven, are multiplexed by 
the polarization beam multiplexers 312A and 312B. respectively, and iurther, Ijy the 
V^DM coupler, so that the pumping light l4> sat at the power level in ttie normal operation 
time, is supplied to the ampTiikxdion fiber 320 via the WDM coupler 311 andthepseudo 
fiber 336. 

According to the optical amplifier of the embodiment 3-3. the measurBment of 
the connecting loss of the optical oonnector CI at the initial installation time or the 
op«aiion startng time, is performed utilizing the Raman amplification pumping light 
source 310D. Thus, diflisrsntiy from the embocfiment 3-1, It becomes unnecessary to 
provide a separate pulse Kght source for the OTDR, thieieby enabling trie simpOficalton 
cf the configuration and the low cost. 

In the above embodbnent 3-3, there has been shown, as an example, the 
configuration using the four punnping light sources 31 OA to 31 OD. However, even in tfie 
case vitiefe only one pumpoig light source is i^ed, by switching the drive corxlition of 
ttie pumping Hgtrt source betMveen the CW drive and the pulse drive, the measurement 
of tlie ooruiecting loss utilisdng the pumping Rght source can be performed. Furtlier, it Is 
apparsnt that tiie optical amplifier of the embodiment 3-3 can be applied to the case 
where two or three pumping light sources, or five or more pumping light sources are 
used. Furttw, the description has been rnade on the case vtAiers the nneasurement of 
the connecting loss is peribmned by the OTDR. However, similar to the embodiment 3-3. 
an application can be rnade by using tlie source capable of sweeping the fre^^ 
as Hie pumping light source, fwthe case where the measurement of the connectbig loss 
is perfomned by the OFDR as in the embodhient3-2. 

Next, an embodiment 3-4 of ttie present inventton vmII be described Here, the 
description is rnade on an optical repeater node appeialus using tlie optical anrip^ 
each embodiment descra^ed above. 
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RQ. 33 is a block diagiam showing a configuration of the optical repeater node 
apparatus according to ttie embodinoent ^4 of the present invention. 

The optical repeater node appaiatus shown in RG. 33 is oonstitutBd such M 
a known conflguratbn in which a WDM signal light Ls transmitted over an upOnk is 
anr\plified by a combiraoion of a Raman amplifier 370 and erbium-doped fiber amplifiers 
(EDFA) 371 A to 371 C, and also a WDM ^gnal light Ls' transmitted over a downlink is 
amplified by a combination of a fRannan amplifier 370' and EDFAs 371 A' to 371 C, there 
are incorporated a connecting loss measuring section 361 applied with the connecting 
loss measuring system by the CXTDR as shown in the embodbnents 3-1 and 3-3 or the 
connecting loss measuring system by the OFDR as shown in the embodiment 3-2; and 
a connecting kiss supen/isory unit 360 comprising an optical switch 362. 

In the respective Rannan anfipfiliers 370 and 370" on the uplink and the dowri 
pumping l^hts output fifom pum^xng light sources 370A and 370A' are suppfied to 
amplificatton libers 370C and 370(7 via WDM couplers 370B and 370B', respectively. 
The respectivB ampUftealton fb&s 370C and 370C' are i=»C connected wUh agnal light 
input sUes of the present oplk»l repealer node apparatus via optical connectors and 

cr 

The EDFAs 371 A to 371C on the upfink ana lespectively input with signal lights 
obteuned demul^ilexing tfie WDM signal light Ls that has been Raman ampTified by 
tfie Raman ampTifier 370, to three wavelength bands differerrt from each other ^ 
example. S-band. C-band and L-band or the like) by a demultiplexer 372, and output the 
signal lighls of respective wavelengths, whicti are antplified to required levels, to a 
multiplexer 373 via optical connectors Ca to Cc. The EDFAs 371A' to 371C on the 
downlink are respectively input with signal lights obtained by demultiplexing the WDM 
signal light Ls' that has been Raman amplified by the Raman amplifier 370". to three 
wavelength bands difiierent from each other (tor example, S-band, C-band and L-band 
or the lil«e) tiy a demultiplexer 3^. and cMJtput tfie dgnal lights of respective 
wavelengttis, which are am(:riified to required levels, to a multiplexer 373' via optical 
connectors Ca to Cc'. TTie demultiplexer 373 multiplexes tfie signal lights output from 
tiie EDFAs 371A to 371C, and then, outputs the muttipisced light to the optical 
transmissbnpatti on the latter stage via an optical connector C2 on an output side. The 
demult^l^r 373' multifdexes tfie signal lights output from the EDFAs 371 A' to 371 C, 
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and then, out|xits the multiplexed light to the optical transmission path on the latter stage 
via an optical connedDrC^ on an output side. 

Acootding to the above configuration, the high power Raman amplification 
pumping lights power pass thiough the optical connedDT CI existing tietwaen the WDM 
coupler 370B and the amplification fiber 370C, and the optical connector CV existing 
between ttie WDM coupler 370B' and the amplification fiber 370C\ respectivet/. Furtiier, 
the high power signal lights, which have been lurther amplified by the EDFAs 371 A to 
371 C, pass through optical connectors Ca to Cc ^stlng on an input side of the 
muRlpi^r 373 and the optical connector 02 existing on an output side of the 
multiplexer 373^ and the high power signal lights, which have been further amplified by 
the EDFAs 371 A' to 371 C, pass through oplicai connectors Ca' to Cc* existing on an 
input side of the rmilfiplexer 3^ and tt^ optical connector existing on an output skte 
of the multiplexer 373^. TTierefoie, in the present embodiment, the connecting loss 
supefvlsory unit 360 of a single system is provided, to supennse ttie connecting 
condition of each optical connector through which the high power light as described 
abovepasses. Ttie connecting loss supen/isoiy unit 3G0 switches in a lequired time, by 
meens of the optical switch 362, between output determinations (oorresponding to 
doubb linee in FIG. 33) erf the measuring fight Im generated in the connecting loss 
measurmg section 361. to secpjenfially measure the connecOig loss of each optical 
connector, hkne, the switching tirrie of the optical switch 362 is set to a time suff^ 
the reflected scattering light Lr of the measuring light Lm to reach the connecting loss 
measuring section 361 . 

RG. 34 is adiagram showing a configuration of tfie connecting loss supenrisory 
unit 360 applied with the OTDR measuring system, for example. In this configuration 
example, the measurir^ light Ijn output from the pulse light source 330 is given to tfie 
optical switch 362 via the branching coupler 332, and sent towards a required 
rneasuring point according to the switching f^ration of the optical switch 362. Further, 
the pseudo fiber 336 is provided between the branching coupler 332 and the optical 
switch 362. to narrow ttie dead zone gerarated at the meesuiing time tiie OTDR, 
here. 

The measurement result of tfie connecting loss t]y the connecting loss 
ajpervisory unit 360 is transmitted to tfie control circuit 340, to be compared with tfie 
prevlousiy set threshold. Then, if the connecting loss of the threshold or above is 
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deteded, it is Judged there Is a possiblity of breakage of the optical oonneclor. and the 
supply of the pumping fight Id the corresponding Raman amplifier or the oonesponding 
EDFA is stopped or the power of tight passing thiou£(h this optical connector is 
suppressed to the predetermined value or less. Further, simultaneously with this, the 
warning notifying the connection abnormality together with information related to a 
position thereof is output to outside. 

According to the optical repeater rxxle appsuatus of the emtxxiiment 3-4, it 
becomes possible to supervise the connecting corKlitions of the plurality of optical 
connectors through wtwjh the high power ligtits pass^, with a simple corflguralion 
using the connecting loss supenrfsory unit 360 of a single system, thereby enabling the 
control of the operation of the optical amplifier in the apparatus. Thus, it becomes 
possible to nsalize at a low cost the connecting loss detecting function in the optical 
repeater node apparatus in which the Raman ampHfler and the EDFA are combined 
with each otfier. 

NolB. in the embodiment 3>4, there has been shown the example of the optical 
repeater node apparatus h wfiich orie Rarnan amplifier arKi tfiree EDFAs are combined 
foreachof the uplink and downlink. However, the type and the number of the optical 
amplifiers applied to tiie optical repealer node apparatus are not limited to the sbove 
exami^ Further, there has been shown the configuration example of the measuring 
system by the OTDR in RQ. 34. However, it is surely pos»"ble to apply the configurafon 
of the measuring system by the OFDR to the connecting loss supervisory unit 360. 

Moreover, in the embodimenls 3-1 to CM-, there has been shown tfie 
configuration example in which the Raman ampliiicatton pumping light being propagated 
in the direction opposite to the propagation direction of the signal light, is supplied to the 
srnpSSIcaSon fiber (optical ampliflcalion medium) connected to the signal input dde of the 
optical amplifier. However, the presemlriyention is also eRiecth^lbr such a oor^ 
In which the pumping light being propagaM in the same direction as the propagation 
direcdon of the signal light, is supplied to the optical amplificalton medbjm connected to 
the agnal fight outpiA side of the optical amplifier. 

Next, an embodiment 3-5 of the present invention will be described Here, the 
description is made on an improved oompie in which a good connecting condition of an 
opticai connector is readily obtained. 
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RG. 35 is a block diagram sliowing a configuration of an optical ampltfier in the 
emtxxjimentd-5. 

The optical amplifier shown in RG. 35 is constituted such that, In the laasic 
configuration shown in RG. 22, theie is provided an air pump 380 as a dry gas supply 
section that sprays dry gas on ttie optical connector C1 through which ttie high power 
light passes, to prevent impurities from being adhered to the optical connector C1 . 

The air pump 380 sprays the dry gas on a connecting surface of the optical 
connector C1via a blower tube 381 In accordance with a control ^nal output from tt>e 
control section D, when the connecting loss of the optical oonnedor CI reaches the 
threshold or above. 

RQ. 36 shows an example df the optical connector C1 on which the dry gas is 
spre^ fipom the air pump 380. As shown in of RQ. 36. a dust cover 383 is 
provided on the opticafoonneclDr CI. During the storage where the optical connedDf 
CI is not Inserted into an adaptor, the dust cover 383 is on a position to prevent an end 
surf^ of a ferule 384 from being exposed to outside, while when the optical connector 
C1 is inserted into ttie adaptor, the duct cover 383 is slid down by a projection in ttie 
adaptor, to enable the 1^ connection. The adaptor, as shown in (B) of RG. 36, includes 
an iniake hole 385 and an exhaust hole 386. The dry gas blown from the blower tube 
381 Is flown frxim the intake hole 385 towards the exhaust hole 386. The dry gas 
passes through a segment sleeve 387 in the adaptor, to btow away dust on the end 
surface of the lieruie 384 when the optical connector CI is connected. Mote, asthedry 
gas serrt from the air puriip 380 to the blower tube 381 , it is possible to use the gas such 
as air, nitrogen or the liioe. 

In the optical amplifier of the above oonfiguiaiion, at the initial installaiion time or 
the operatton starting time, if the PC connection of the optk»i connector is pertbmned in 
an ireufficient condition, the dry gas is sprayed on the optical connector CI from the air 
pump 380 via the btower tube 383. As a result, impurities such as dust become hardly 
to be adhered on the end surface of ttie l^le 384. and tfius. it becomes possible to 
relatively readily realize a good i=>C connectton. 
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Note, in the emixdiment 3-5. IheiB has been shown the example in which the 
structure of the optical connector is improved and the dry gas is sprayed on the optk^ 
connector, in oider to otilaSn the good connection condition of the optical connector. In 
addition to this. It is also eftective that, as the adhesive for adhering the feiule in the 
optical connector and the optical fitter, for example, such adhesive without optical 
absorption in the respective wavelength bands of the signal light Ls and the pumping 
light l-p is used, to adopt an optical connector, which is hardly to occur the breakage of 
the optical fiber due to the FF phenomenon. 

To be specific, for example, as shown in RG. 37. it Is preferable to use a low 
melting point glass 389 as the adhesive between ttie ferule 384 in the optical connector 
and the optical fiber 388. The low melting point glass 389 has a melting point (about 
400°C) lower than that of a nomial glass, and therefore, it can be used as the adhesive. 
Further, the low meUng point glass 389 Is transparent to the Gght passing through the 
optksl connector, and also the nrielting poim thereof is higher than that 0^ 
used adhesiva. such as epoxy resin. Accordingly, if the low melting point glass Is used 
as the adhesive, the temperature rise for when the high power light passes through the 
optical connector Is less, and even if the temperature rises, the adhesive surface is 
hardly softened, thereby improving the durability to the high power HghL 

However, since tfie low melting point glass needs to be adhered at a higher 
temperature compared with the normal adhesive, there is a possibility to damage the 
ferule 384 or the optical fiber 388 at thie adhesion time. Therefore, by adding an additive, 
vi/hich absortts a wavelength diflierent from that of the light passing through the optical 
connector, to the low melting point glass 389 used as the adhesive, it becomes posi^ble 
to prevent such a dam^cie at the adhesion time. As a specific example of tfie additive, 
ytteitium (Yb) absorbing Ipm band can be taken. In the case where the low meUng 
point glass 389 added with ytMum Is used, when the Ipm band high power laser 
such as YAG laser or the like is incident at the adheston time of the ferule 384 and the 
optical fiber 388, the kyw rrieiting point glass being the adhesive atssorbs the fight 
band. Thus, it is possible to heat selectively only the adhieslve joint. Since ytteibium 
does not absorb the signal light and the pumping light Lp in the known Raman 
amplifier, it does not harmfully affect the Raman amplification. Thus, it Is possible to 
improve the durabifity of the adhesive Joint to the high power lighL 



